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C HAP. VIII. 


Of the Manner wherein Light is 
reflected. 


E H E Refraction of Light has been con- 
ſidered, and explained: its Reflection is 
now to be inquired into (a). And firſt for 
the Manner wherein it is performed. 


When a Ray of Light falls upon a Body not 
tranſparent, Part or all of it is reflected; if any 
enters, it 1s ſuffocated and loſt within the 
Body: When it falls upon a- tranſparent 
Body, Part of it is reflected, and Part enters; 
of what enters ſome is alſo ſuffocated and 
loſt in the Body; the reſt, when it arrives 
at the other Side, ſome of it is reflected there, 
the Remainder going out and leaving the Body, 
unleſs its Inclination to that Side exceeds a cer- 
tain Degree; which if it does, it is all reflected 
there. And the Power whereby a Ray is re- 
flected at his other Side of a Body (which for 
Diſtinction fake I ſhall hereafter call the ſecond 
Surface) is ſtronger than that by which it 
would be reflected by the fame Surface, were 
it about to enter the Body there with an equal 
Degree of Obliquity. 

(a) The Subject of this Inquiry is diſtinguiſhed from that of 


the former, by the Name of Catottrics, as tending to explain 
the Manner in which OljeQs appear, when ſecn by Light. 


1he 
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The Degree of Inclination neceſſary to cauſe 
a total Reflection of a Ray at the ſecond Sur- 
face of a Medium, is that which requires that 

the refracted Angle (was the Ray ſuppoſed to 
paſs out there) ſhould be equal to, or greater 
than a right one; and conſequently it depends 
on the refractive Power of the Medium through 
which the Ray paſſes; and is therefore diffe- 
rent in different Media. When a Ray paſ- 
ſes through Glaſs ſurrounded with Air, and 
is inclined to its ſecond Surface under an 
Angle of 42 Degrees or more, it will be 
wholly reflected there (b). For as 11 is to 17, 


) From hence it follows, that when a Ray of Light arrives 
at the ſecond Surface of a tranſparent Subſtance with as great or 
greater Degree of Obliquity, than that which is neceſſary to 
make a total Reflection, it will there be all returned back to the 
firſt ; and if it proceeds towards that with as great an Obliquity 
as it did towards the other (which it will do if the Surfaces of 
the Medium be parallel to each other) it will there be all reflected 
again, &c. and will therefore never get out, but paſs from Side 
to Side, till it be wholly ſuffocated and loſt within the Body. 

From hence may ariſe an obvious Inquiry, how it comes to 

aſs that Light, falling very obliquely upon a Glaſs- Window 
rom without, ſhould be tranſmitted into the Room? In Anſwer 
to this, it muſt be conſidered, that however obliquely a Ray 
falls upon the firlt Surface of any Medium whoſe Sides are parallel 
(as thoſe of the Glaſs in a Window are) it will ſuffer ſuch a Degree 
of Refraction in entering there, that it ſhall fall upon the ſecond 
with a leſs Obliquity than that which is neceſſary to cauſe a 
total Reflection. For Inſtance let the Medium be Glaſs, as ſup- 
Poſed in the preſent Caſe, then as 17 is to 11 (the Ratio of Re- 
fraction out of Air into Glaſs) ſo is the Sine of the largeſt 
Angle of Incidence with which a Ray can fall upon any Surface, 
to the Sine of a leſs Angle than that of total Reſlection. And 
therefore, if the Sides of a Glaſs be parallel, the Obliquity, with 
which a Ray falls upon the firſt Surface, cannot be ſo great, but 
that it ſhall paſs the ſecond without ſufferipg a total Reflection there. 
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(che Ratio of Refraction out of Glaſs into Air) 
ſo is the Sine of an Angle of 42 Degrees to a 
fourth Number, that will exceed the Sine of a 
right Angle. 

When Light paſſes out of a denſer into a 
rarer Medium, the nearer the ſecond Medium 
approaches the firſt in Denſity (or more pro- 
perly in its refractive Power) the leſs of it 
will be reflected in paſſing from one to the 
other: and when their retracting Powers are 
equal, all of it will paſs into the ſecond Me- 
dium. ; 

Whether Light be reflected from the firſt 
or ſecond Surface of a Body, the Law it ob- 
ſerves is this, viz. That the Angle of Reflection 
of each Ray ſhall be equal to the Angle of In- 
cidence of the ſame. | 

By the _ of Reflection is meant the 
Angle comprehended between a Perpendicular 
to the Surface at the Point where the Reflection 
is made, and the reflected Ray, 


Theſe are all the Circumſtances attending the 
Reflection of Light neceſſary to be taken No- 
tice of at preſent: There are others, but they 
reſpect the Doctrine of Light and Colours 
not yet explained; we ſhall therefore paſs them 
by till we treat of that Subject, and in the mean 
Time proceed to conſider the Reflection of 
Light from plain and ſpherical Surfaces. 


Cray, 
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CHAP, IX. 


Of the Reflection of Light from plain 
and ſpherical Surfaces. 


T was obſerved in the foregoing Chapter, 
that the Law of Reflection is ſuch, that 
the Angle of Reflection of each Ray ſhall 
be equal to the Angle of Incidence of the 
fame. From whence the ſeven following Pro- 
ſitions relating to the Reflection of Light 
— plain and ſpherical Surfaces may be de- 
duced. 

I. Rays of Light reflected from a plain Sur- 
face have the ſame Degree of Inclination to 
each other that their reſpective incident ones 
have. 

For the Angle of Reflection of each Ray 
being equal to that of its reſpective incident 
one, it is evident that each reflected Ray will 
have the ſame Degree of Inclination to that 
Portion of the Surface from whence it is re- 
flected, that its incident one has; but it is 
here ſuppoſed that all thoſe Portions of Surface 
from whence the Rays are reflected are ſitu- 
ated in the ſame Plain; conſequently the re- 
flected Rays will have the ſame Degree of 
Inclination to each other that their incident 
ones have, from whatever Part of the Surface 


they are reflected. 
0 gee 
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See this and the following Propoſitions ex- 
reſſed more determinately, and demonſtrated in 
the Note below (a). 
II. Parallel Rays, reflected from a concave 
Surface, are render'd converging. 


H To 


(4) Propoſition J. 
Of the Reflection of Rays from a plain Surface, 


When Rays fall upen à plain Surface, if they diverer, the 
Focus of the reflected Rays will be at the ſame Diltance behind 
the Su- face, that the Radiant Point is before it. if they c nwvVerge, 
it will be at the ſame Diſlance befrre the Lunſæce, that the 
imaginary Focus of the incident Rays is behind 1t. 

This Propoſition admits of two Cates. 
Caſe I. Of diverging Rays. 
Dem. Let AB, AC (Fig. 45.) be two diverging Rays inci- 
dent in the plain Surface DE, the one perpendicularly, the 
other obliquely ; the perpendicular one AB will be reflected to 
A proceeding as from ſome Point in the Line AB produced ; 
the oblique one AC will be reflected into ſome Line as CF ſuch, 
that the Point G, where the Line FC produced interſects the 
Line AB produced alſo, ſhall be at an equal Diſtance from 
the Surface DE with the Radiant A. For the Perpendicular 
CH being drawn, ACH and HCF wil! be the Angles of Inci- 
dence and Reflection, which being equal, their Complements 
ACB and FCE are ſo too: but the Angle BCG is equal to FCE. 
as being vertical to it; therefore in the Triangles ABC and GBC 
the Angles at C are equal, the Side BC is common, and the 
Angles at B are alſo equal to each other, as being right ones; 
therefore the Lines AB and BG, which reſpect the equal Angles 
at C, are alſo equal, and conſequently the Point G, the Focus of 
the incident Rays AB, AC, is at the ſame Diſtance behind the 
Surface, that the Point A is before it Q. E. D. |; 


Caſe II. Of converging Rays. 
This is the Converſe of the former Caſe. For ſuppoſing FC 
and AB to be two converging incident Rays, CA and BA will 


be the refleted ones (the Angles of Incidence in the former 
Cale 
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To illuſtrate this, let AF, CD, EB, (Fig. 
43.) repreſent three parallel Rays falling upon 
the concave Surface FB, whoſe Center is C. 
To the Points F and B draw the Lines CF, 


CB; theſe being drawn from the Center will 
be 


Caſe being now the Angles of Reflection, and vice werſa ) 
having the Point A for their Focus ; but this, from what was de- 


monſtrated above, is at an equal Diſtance from the reflefting | 


Surface with the Point G, which in this Caſe is the imaginary 
Focus of the incident Rays, FC, and AB. 

Otſervat. I. It is not here, as in the Reſraction of Rays in 
poſſing through a plain Surface, where ſome of the refracted Rays 
proceed as from one Point, and ſome as from another (See Obſervat. 
I Chap, 3. in the Notes but they all proceed after Reffection 
as from one and the ſame Point, however obliquely they may 
fall upm the Surface ; for what is here demonſtrated of the Ray 
AC holds equally of any other, as Al, AK, Oc. 

The Cale of parallel Rays incident on a plain Surface, is in- 
cluded in this Propoſition; for in that Caſe we are to ſuppoſe 
the Radiant to be at an infinite Diſtance from the Surface, and 
then by the Propoſition, the Focus of the reflected Rays will be 


ſo too; that is, the Rays will be parallel after Rafledt ion, as they 


ewere before. 


Propoſition II. 
Of the Reflection of parallel Rays from a ſpherical Surface. 


When parallel Rays are incident upon a ſpherical Surface, the 
Focus of the reflected Rays will be the middle Point between the 
Center of Convexity and the Surface. 


This Propoſition admits of two Caſes. 
Caſe I. Of parallel Rays falling upon a convex Surface. 
Dem. Let AB, DH, (Fig. 46 ) repreſent two parallel Ra 


incident on the convex Surface BH, the one perpendicularly, * | 
up 


other obiiquely ; and let C be the Center of Convexity ; ſup- 
poſe HI to be the reflected Ray of the oblique Incident ore 
DH proceeding as from F a Pont in the Line AB produced. 


Through che Point H draw the Line CI, which will be 
perpencicular to the Surface at that Point, and the Angles DHI 


and IHU, being the Ar2les and Iucidenct and Refle4ion, will be equal. 
| To 
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be perpendicular to the Surface at thoſe Points. 
The incident Ray CD alſo paſſing through 


the Center will be perpendicular to the Sur- 
face, and therefore will return after Reflection 


in the fame Line; but the oblique Rays AF 
H 2 and 


To the former of theſe, the Angie HCF is equal, the Lines AC 
and DH being parallel, and to the latter the Angle CHF as being 
vertical; wherefore the Triangle CFH is Jhoſceles; and conſe- 
quently the Sides CF and FH are equal: But ſuppoſing BH to 
vaniſh, FH is equal to FB, and therefore upon this Suppoſition 
FC and FB are equal, that is, the Focus of the reflected Rays is 
the middle Point between the Center of Convexity and the 
Surface. Q: E. D. 


Caſe II. Of parallel Rays falling upon a concave Surface. 


Dem. Let AB, DH (Fig. 47.) be two parallel Rays incident, 
the one perpendicularly, the other obliquely, on the- concave 
Surface BH, whoſe Center of Concavity is C. Let BF and 
HF be the reflected Rays meeting each other in F: 
this will be the middle Point between B and C. For 
drawing through C the Perpendicular CH, the Angles DHC 
and Ft IC. being the Angles of Incidence and Reflection. will 
be equal, to the former of which the Angle HCF is 
equal, as alternate; and therefore the Triangle CFH is 
Ifoſceles. Wherefore CF and FH are equal: but if we ſuppoſe 

H to wani/h, FB and FH are alſo equal, and therefore CF 
is equal to FB; that is, the focal Diſtance of the reflected Rays 
is the middle Point between the Center and tho Surface. Q. E. D. 

Obſervat. II. It is here obſervable, that the farther the Line 
DH, either in Figure the 46 or 47, is taken from AB, the nearer 
the Point F falls to the Surface. For the farther the Point H re- 
cedes from B, the larger the Triangle CFH will become; and con- 
fequently fince it is always an Iſoſceles one, and the Baſe CH, being 
the Radius, is every where of the ſame Length, the equal L. 
CF and FH will lengthen; but CF cannot grow longer unleſs the 
Point F approach towards the Surface. And the farther H is re- 
moved from B, the faſter F approaches 1s it. 

This is the Reaſon, that whenever parallel Rays are conffdtred, 
as reflected from a ſpherical Surface, the Diſtance of the oblique one 
from the perpendicular one is taken fo ſmall with reſpect to the 
focal Diſtance of that Surface, that without any phyſical Error 


it may bs ſuppoſed to vaniſh. 
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and EB will be reflected into the Lines FM 
and BM ſituated on the contrary fide their 
reſpective Perpendiculars CF and CB. They 
will therefore proceed converging after Re- 
flection towards ſome Point as M. in the Line 
CD : which Point, by what is demonſtrated in 
the Note laſt referred to, will be in the Middle 
between C and D, 


III. 


From hence it follows, that if a Number of parallel Rays as 
AB, CD. EG, c. fall upon a convex Surface, as ——_— Fi- 
gie the 48, and if Bu. DK, the r:flieed Rays of the incident 
ones AB, CD, proceed as from the Point F, thoſe of the incident 
enes CD, EG, viz. DK, GL, avill proceed as from NM, thoſe 
of the incident ones EG, HI, as from O, Sc. becauſe the farther 
the incident ones CD, EG Oc. are from AB, the nearer to the 
Surface are the Paints F, ,, f, in the Line BF, from which they 
proceed after Reflection; fo that properly the Foci of the reflected 
Rays BY, DX, GL, Cc. are net in the Line AB produced, but 
in a curve Line paſſing through the Points F, NM, O, &c. 

The ſame is applicable to the Caſe of parallel Rays reflected 
from à concave Surface, as expreſſed by the pricked Lines on the 
ether half ef the Figure, «where PQ, RS, TV, are the incident 
Rays; OF St, FF, the reflefted ares intrrſeting each other in the 
Pots A, I, and F; jo that the Foci of thoſe Rays are not in the 
Line FP, but in a Curve paſſing through thoſe Points. 

Had the Surface BH in Figure 46, or 47, been form'd by the 
Neveſution of a Parabola about its Axis having its Focus in 
the Point J, all the Rays reflected from the cowvex Surface would 
have proceeded as from the Point F, ard thoſe reflected from the 
cincade would have fallen upon it, however diſtant their incident 


ws AB, DH, might haws been from each other, For in the | 


Parabola, all Lines draaun parallel to the Axis make Angles 
auith the Tangents te the Points arbere they cut the Parabola ( that 
1s, wwith the Surface rf the Parabola) equal to thoſe which are 
made with the jams Targents by Lines drawn from thence to the 
Focus. (De L'Holpital Scion, Coniques. Liv. I. Prep. 5.) 
Therefore, if the incident Roys deſcribe thoſe parallel Lines, the 
reflected ones will necgſſariqy deſeribe theſe other, and fo will all 
proceed as from, or meet in, the ſame Point. 


Pro- 


= 1 


—T UE _— FY 8 i. a1 KS ft Ea w—_- WB 


Fed | 


the 
dent 
the 
; the 


| the 
in 
/ 
the 


ident 


: the 


Ch. IX. plain and ſpherical Surfaces. 105 
III. Converging Rays falling on the like Sur- 


face are made to converge more. 

For every thing remaining as above, let 
GF, HB, be the incident Rays. Now be- 
cauſe theſe Rays have larger Angles of Inci- 
dence than the parallel ones AF and EB 
in the foregoing Caſe, their Angles of Re- 
flection will alſo be larger than theirs ; they 
will therefore converge after Reflection, ſuppoſe 
in the Lines FN, and BN, having their Point of 


Con- 
Propoſition III. 
Of the Reflection of diverging and converging Rays from a ſpherical 
urface, 


When Rays fall upm any ſpherical Surface, if they diverge, the 
Diſtance of the Focus of the reflected Rays from the Surface is to the 
Diftance of the Radiant Point from the ſame (or, if they converge, 
fo that of the imaginary Fecus of the incident Rays ) as the Di- 
lance of the Focus of the reflected Rays from the Center is to the 


Diſtance of the Radiant Point (or imaginary Focus of the inci- 
dent Rays } from the ſame. 


This Propoſition admits of ten Caſes. 
Caſe I. Of diverging Rays falling upon a convex Surface. 

+ Dem. Let RB, RD (Fig. 49) repreſent two diverging Rays 
flowing from the Point R as from a Radiant, and falling the 
one perpendicularly, the other obliquely, on the convex Surface 
BD, whoſe Center is C. Let DE be the reflected Ray of the 
incident one RD, produce ED to F, and through R draw the 
Line RH parallel to FE till it meets CD produced in H. Then 
with the Angle RHD be equal to EDH the Angle of Reflection, 
as being alternate to it, and therefore equal alſo to RDH which 
is the Angle of Incidence; wherefore the Triangle DRH is 
Toſeeles, and conſequently DR is equal to RH. Now the Lines 
FD and KH being parallel, the Triangles FDC and RHC are 
ſimilar, (or to — it in Euclid's Way, the Sides of the Triangle 
RHC are cut proportionably. 2. Elem. 6.) and therelore FD is 

to 
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Concourſe N farther from C than the Point 

M ; that to which the parallel Rays AF and | 

EB converged to in the foregoing Caſe: and | 
their preciſe Degree of Convergency as deter- 
mined in the Note, will be greater than that 
wherein they converged before Reflection. 
IV. Diverging Rays, falling upon the like 
Surface, are after Reflection parallel, diverging, * 
or converging. If they diverge from the Focus 
of parallel Rays, they then become —_— if 
rom 


e 


* 
g— 1 dh i. 8 3 


to RH, or its equal RD, as CF to CR ; but BD vaxibig, FD t 


and RD differ not from FB and RB, wherefore FB is to RB alſo, ( 
as CF to CR; that is, the Diſtance of the Focus from the Surface t 
is to the Diſtance of the Radiant Point from the ſame, as the Di- I 
ſtance of the Focus from the Center is to the Diſtance of the Ra- 
diant from thence, Q. E. D. i 
Caſe II. Of converging Rays falling upon a concave Surface, : 
Dem. Let KD and CB be the converging incident Rays having u 
their imaginary Focus in the Point R. which was the Radiant in B 
the foregoing Caſe. Then as RD was in that Caſe reflected into F 
DE, KD will in this be reflected into DF; for, ſince the Angles in 
of Incidence in both Caſes are equal, as they are by being vertical, 10 


the Angles of Reflection will be ſo too; ſo that F will be the 
Focus ot the reflected Rays: but it was there demonſtrated that 
| FB is to RB as CF to CR, that is, the Diſtance of the Focus / 
15 from the Surface is to the Diſtance (in this Caſe) of the imaginary : 
ny. Focus of the incident Rays, as the Diſtance of the Focus from the 

11 Center is to the Diſtance of the imaginary Foczs of the incident 80 


ta Rays from the ſame. Q. E. D. - 
4 Caſe III. Of converging Rays falling upon a condex Surface, and b. 
nh tending to @ Point between the Focus of Parallel Rays and the R 
| '% | Center. th 
1 Dem. Let BD (Fig. po.) repreſent a convex Surface whoſe fri 
| Center is C, and Focus of parallel Rays is P; and let AB, KD, 2 
ay be two converging Rays incident upon it, and having their ima- 
a ginary Focus at R, a Point between P and C. Now becauſe KD , 


. 
me tends 
; 
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from a Point nearer to the Surface than that, 
they will diverge, but in a leſs Degree than be- 
fore Reflection; if from a Point between that and 
the Center, they will con verge after Reflection 
and that to ſome Point on the contrary Side 
the Center, but ſituated farther from it than 
the Point they diverged from: if the incident 
Rays diverge from a Point beyond the Center, 
the reflected ones will converge to one on 


the other Side of it, but nearer to it than 
the 


tends to a Point between the Focus of parallel Rays and the 
Center, the reflected Ray DE will diverge from ſome Point on 
the other Side the Center, ſuppoſe F; as explained above in the 
Text under Propoſition the VIIch. Through D draw the Per- 

ndicular CD and produce it to H, then will KDH and HDE 
be the Angles of Incidence and Reflection, which being equal, 
their vertical ones RDC and CDF will be ſo too, and therefore 
the Vertex of the Triangle RDF is biſected by the Line DC: 
wherefore (3 El. 6.) FD and DR, or, BD vaniſhing, FB and 
BR are to each other as FC to CR ; that is, the Diſtance of the 
Focus of the reflected Rays is to that of the imaginary Focus of the 
incident ones, as the Diſtance of the former from the Center is 
io the Diſtance of the latter from the ſame. Q. E. D. 


Caſe IV. Of diverging Rays falling upon a concave Surface 
and proceeding from a Point betæucen the Focus of parallel Rays and 
the Center. 


Dem. Let RB, RD, be the diverging Rays incident upon the 
concave Surface BD, having 2 in the Point R, the 
imaginary Focus of the incident Rays in the foregoing Caſe. 
Then as KD was in that Caſe reflected into DE, RD will now 
be refleted into DF. But it was there demonſtrated that FB and 
RB are to each other as CF to CR ; that is, the Diſtance of 
the Focus is to that of the Radiant, as the Diſtance of the former 
84 os Center is to the Diſtance of the latter from the ſame. 
The Argles of Incidence and Reflection being equal, it is evident, 
that if is any Caſe the reflected Ray be made the incident * 
406 


108 Of the Reflection of Light from 


the Point they diverged from; and if they 
diverge from the Center, they will be reflected 
thither again. 
I. Let them diverge in the Lines MF, MB, 
proceeding from M the Focus of parallel | 
Rays; then as the parallel Rays AF and EB 
were reflected into the Lines FM and BM 
(Propoſit 2.) theſe Rays will now on the con⸗ 
trary be reflected into them. 3 
2. Let them diverge from N a Point nearer * 
to the Surface than the Focus of parallel Rays, 
they will then be reflected into the diverging 
Lines 


r 
= 4+ T2” 1 ee 


the incident will become the reflected one: and therefore the four © 
following Caſes may be conſidered reſpefively as the Converſe of the © 
four foregoing 3 for in each of them the incident Rays are ſuppoſed © 
to coincide with the reflected ones in the other. Or they may be de- 
monſtrated independently of them as foliows. | 
5. Caſe V. Of converging Rays falling upon a convex Surface, 
and tending to a Point nearer the Surface than the Focus of parallel | 
Rays. ; 
Dem. Let ED, RB (Fig. 49.) be the converging Rays inci- 
dent upon the convex Surface BD whoſe Center is C, and Focus of | 
arallel Rays is at P; and let the imaginary Focus of the incident 
— be at F, a Point between P and B, and let DR be the re- 
flected Ray. From C and R draw the Lines CH, RH, the one 
paſſing through D, the other parallel to FE. Then will the 
Angle RHD be equal to HDE the Angle of Incidence, as aller- 
nate to it, and therefore equal to HDR, the Angle of Reflection; 
Wherefore the Triangle HDR is Veſceles, and conſequently DR 
is equal to RH. Now the Lines FD and RH being parallel, 
the Triangles FDC and RHC are ſimilar, and therefore RH, or 
RD, is to FD as CR to CF; but BD vaniſhiog, RD and FD 
coincide with RB and FB, wherefore RB is to FB as CR to CF; 
that is, the Diſtance of the Focus from the Surface is to the 
Diſtance of the imaginary Focus of the incident Rays, as the Di- 
ſtance of the Focus from the Center is to the Diſtance of the ima- 
ginary Fecys of the incident Rays from the ſame. Q. E. "Cu 
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Lines FG and BH which the incident Rays 
GF and HB deſcribed, that were ſhewn to be 
reflected into them in the foregoing Propo- 
ſition : but the Degree wherein they diverge, 
as demonſtrated in the Note, will be leſs 
than that wherein they diverged before Re- 
flection. 

3. Let them proceed diverging from X a 
Point between the Focus of parallel Rays 
and the Center, they then make leſs Angles 
of Incidence than the Rays MF and MB 
which became parallel by Reflection, they will 
conſequently have leſs Angles of Reflection, 
and proceed therefore converging towards ſome 
Point as Y; which Point will always fall on 
the contrary Side the Center, becauſe a re- 

I flected 


Caſe VT. Of diverging Rays falling upon a concave Surfact, and 
proceeding from a Prone Lerwees the Focus of parallel Rays and the 
Surface, 


Dem, Let FD and FB repreſent two diverging Rays flowing 
from the Point F as a Radiant, which was the imaginary Focus 
of the incident Rays in the foregoing Cale. 'Then as ED was in 
that Caſe reflected into DR, FD will be reflected into DE, (tor 
the Reaſon mention'd in Caſe the ſecond) ſo that the reflected 
Ray will 122 as from the Point R: but it was demonſtrated 
in the Caſe immediately before-going, that RB is to FB as CR to 
CF; that is, the Diſtance of the Focus from the Surface is to that 
of the Radiant from the ſame, as the Didance of the former from 
the Center is to that of the latter from the ſame. Q. E. D, 


Caſe VII. Of converging Rays falling upon a convex Surface, 
and tending towards à Point beyond the Center. 
Dem. Let AB, ED, (Fig. 50.) be the incident Rays tending 


to F, a Point beyond the Center C, and let DK be the reflected 


Ray of the incident one ED. Then becaule the incident Ray 
LD 
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flected Ray always falls on the contrary Side f 


the Perpendicular with reſpect to that on which 
its incident one falls; and, as demonſtrated in 
the Note, it will, be farther diſtant from the 
Center than X. 

4. If the incident ones diverge from Y, they 
will after Reflection converge to X, thoſe which 
were the incident Rays in the farmer Caſe being 
the reflected ones in this. | 


And laſtly, if the incident Rays proceed 


from the Center, they fall in with their 
reſpective Perpendiculars, and for that Reaſon 
are reflected thither again. 
V. Parallel Rays reflected from a convex 
Surface are rendered diverging, 
To ſhew this, let AB, GD, EF, (Fig. 44.) 
be three parallel Rays talling upon the convex 
Sur - 


ED tends to a Point beyond the Center, the reflected Ray DK 
will proceed as from one on the contrary Side, ſuppoſe R; as ex- 
plained in the Text under Propoſition the VIIth. Through D 
draw the Perpendicular CD and produce it to H. Then will 
EDH and HDK be the Angles of Incidence and Reflection, 
which being equal, their vertical ones CDF and CDR will be ſo 
too: conſequently the Vertex of the Triangle FDR is biſected by 
the Line CD: wherefore (3 Elem. 6.) RD is to DF or BD va- 
niſhing. RB is to BF as RC to CF; that is, the Diſtance of the 
Focus of the refleted Rays is to that of the imaginary Focus of 
the incident Rays, as the Diftance of the former from the Cen- 
ter is to the Diſtance of the latter from the ſame. Q. E. D. 


Caſe VIII. Of diverging Rays falling uon a concave Surface, 
and proceeding from a Point beyond the Center. 

Dem. Let FB, FD, be the incident Rays having their Radiant 
in F, the imaginarv Focus of the incident Rays in the foregoin 
Cate. Then as ED was in that Caſe reflected into DK, F $ 
will now be reflected into DR; ſo that R will be the Focus of the 
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Surface BF whoſe Center of Convexity is C, 
and let one of them, vig. GD, be perpendi- 
cular to the Surface: through B, D, and F, 
the Points of Reflection, draw the Lines CV, 
C, and CT, which becauſe they paſs through 
the Center will be perpendicular to the Sur- 
face at thoſe Points, The incident Ray GD 
being perpendicular to the Surface will re- 
turn after Reflection in the ſame Line, but 
the oblique ones AB and EF in the Lines 
BK and FL fituated on the contrary Side 
their reſpective Perpendiculars BV and FT, 
They will therefore diverge after Reflection 
as from ſome Point M in the Line GD 
produced; which Point, as demonſtrated in 
the Note, will be in the middle between D 
and C. 


I 2 VI, 


reflected Rays. But it was demonſtrated in the foregoing Caſe, 
that RB is to FB as RC to CF; chat i-, the Diitance of the Focus 
of the reflected Rays from the Suiface is to che Diſtance cf 
the Radiant from the ſame, as the Dittance of the Focus 
of the reflected Rays from the Center is to the Diltance of 
the Radiant from thence, Q. E. D. 

The two remainingCaſes may be conſidered, as the Converſe of 
thoſe under Propoſition the ſecond of this Note, becauſe the inci- 
dent Rays in theſe are the reflected ones in them; or they may be 
demonſtrated in the fame Manner with the foregoing, as follows. 


Caſe | X.Converging Rays fal.ing upon a convex Surface. and tindi g 
to the Focus parallel Rays, became parallel after Reflection. 


Dem. Let ED, RB, (Fig. 49) repreſent two converging Rays 
incident on the convex Surtace BD, and tending towards F. which 
we will nend ſuppoſe to be the Feeus of parallel Riys; and let DR 
be the reflected Rav, and C the Center of Convexity of the 
reflecting Surface. Thicugh C draw the Line CD, and produce 

| A 17 


- 
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VI. Diverging Rays reflected from the like 


Surface are rendered more diverging. 

For, every thing remaining as above, let 
GB, GF, be the incident Rays. Theſe having 
larger Angles of Incidence than the parallel 
ones AB and EF in the preceding Caſe, 
their Angles of Reflection will alſo be larger 
than theirs; they will therefore diverge after 
Reflection, ſuppoſe in the Lines BP and FQ, 
as from ſome Point N farther from C than 
the Point M; and the-Degree wherein they 
will diverge, as determined in the Note, 
will excced that wherein they diverged before 
Reflection. 

VII. 


it to H. drawing RH parallel to ED produced to F. Now it has 
been demonſſ rated (Cafe 5.) where the incident Rays are ſuppoſed 
to tend to the Point F, that RB is to FB as RC toCF; but F 
in this Caſe being ſuppoſed to be the Focus of parallel Rays, it 25 
the middle Point between C and B (by Propoſition 2d) and 
therefore FB and FC are equal, and conſequently the two othe: 
Terms in the Proportion, viz. RB and RC, muſl be fo too; which 
can only be upon a Suppoſition that R is at an infinite Diſtance 
from B; that is, that the refleed Rays BR and DR be parallel. 
WED. 

Caſe X. Diveirging Rays falling upon a concave Surface, and 
proceeding from the Focus of parallel Rays, become parallil after 
Reflection. 

Dem. Let RD, RB (Fig. 50) be two diverging Rays incident 
upon the concave Surface BD, as ſuppoſed in Cale the fourth : 
v here it was demonſtrated that FB is to RB as CF to CR. But 
in the preſent Caſe RB and CR are equal, becauſe R is ſuppoſed 
to be the Focus of parallel Rays; therefore FB and FC are ſo 
too. Which cannot be unleſs F be taken at an infinite Diſtance 


from B; that is, unleſs the reflected Rays BF and DF be 
parallel. Q. E. D. 
Obſervat. 


er 


. 


Ch. IX. plain and ſpherical Surfaces. 113 


VII. Converging Rays reflected from the 
like Surface, are parallel, converging or di- 


verging. If they tend towards the Focus of 
parallel Rays, they then become parallel; if 
to a Point nearer the Surface than that, they 
converge, but in a leſs Degree than before Re- 
flection; if to a Point between that and the 
Center, they ſhall diverge after Reflection, as 
from ſome Point on the contrary Side the Cen- 
ter, but ſituated farther from it than the Point 
they converged to; if the incident Rays con- 
verge to a Point beyond the Center, the re- 
flected ones will diverge as from one on the 
contrary Side of it, but nearer to it than the 
Point the incident ones converged to: and 
if the incident Rays converge towards the 
Center, the reflected ones will proceed as from 
thence. 


1. Let 


Obſervat 3. Lis here obſervable, that in the Caſe of diverging 
Rays falling upon a convex Surface ( ſee Fig. 49.) the farther the 
Point D is taken from B, the nearer the Point F, the Focus of 
the reflected Rays, approaches to B, while the Radiant R remains 
the ſame. For it is evident from the Curvature of a Circle that 
the Point D (See Fig. 51. ) may be taken a far from B, that the 
reflected Ray DE ſhall proceed as from F, G, H, or even from J, or 
from any Point between B and R, and the farther it is taken from 
B. the taſter the Point, from which it proceeds, a proaches towards 
R : as will eafily appear if wwe draw ſeveral incident Rays with 
their reſpettivve reflected ones, in ſuch Manner that the Angles of 
Reflettion may be all egual to their reſpectiqe Angles of Incidence, 
a is dane inthe Figure, The like is applicable ta any of the other 


Cojes 
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1. Let them converge in the Lines KB and 


LF tending towards M the Focus of parallel : 


Rays ; then as the parallel Rays AB, EF were 
reflected into the Lines BK and FL (Pro- 
pope 5.) thoſe Rays will now on the contrary 
reflected into them. 
2. Let them converge in the Lines PB, QF, 
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tending towards N a Point nearer the Surface 


than the Focus of parallel Rays, they will then 
be reflected into the converging Lines BG 
and FG, in which the Rays GB, GF, pro- 
ceeded that were ſhewn to be reflected into 

them 


Caſes of diverging or converging Rays incident upon a ſpherical 
Surface. This is the Reaſon that, when Rays are conſidered as 
reflected from a ſpherical Surface, the Diftance «of the oblique Rays 


from the perpendicular one is taken ſo ſmall, that it may be Jjuppoſed | 


4 vaniſh. 

From hence it folloxws, that if a Number of diverging Rays are 
zucident upon the convex Surface BD at the ſeveral Paints B, D, D, 
&c. they ſhall not proceed after Refle4ion as from any one Point in 
the Lins RB produced, but as from a curve Line paſſing through 
the ſeveral Points F, f, f, &c. The ſame is applicable in all the 
ether Caſes. 

Had the Curvature BD ( Fig. 49.) been Hyperbolical having 
zts Foci in R and F. then R being the Radiant {or the imaginary 
Focus of incident Rays ) F would have been the Focus of the reflected 
ones, and vice versa, however diſtant the Points B and D might 
be taken from each other. In like Manner had the Curve PD 
( Fig. 50.) been Elliptical hawing its Foci in F and R, the one of 
theſe being made the Radiant (or imaginary Focus of incident 
Rays ) the other avould have been the Focus of the reflected ones, 
ard vice verd. For both in the Hyperbola and Eilipſis, Lines 
aracun from each of their Foci through any Point make equal Angles 
with the Tangent to that Poirt; ( De LU Holpital Seftions Co- 
ni,, Liv. II. Prop. 8. & Liv. III. Prep. 11. Therefore, if 


the incident Roys proceed ta or from one of their Foci, the refleted 


ones 
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them in the Propoſition immediately foregoing : 
but the Degree wherein they will converge, as 
demonſtrated in the Note, will be leſs than 
that wherein they converged before Reflection. 

3. Let them converge in the Lines RB and 


* SF proceeding towards X, a Point between 
the Focus of parallel Rays and the Center; 
their Angles of Incidence will then be leſs 


than thoſe of the Rays KB and LF which 
became parallel after Reflection, their Angles 
of 


ones will all proceed, as from or to the other. So that in order that 
diverging or converging Rays may be accurately reflected to or from 
a Point, the y;fl:&ting Surface muſt be formed by the Revolution of 
an Hyperbola about its linger Axis, when the incident Rays are 
fuch that their Radiant, or imaginary Focus of incident Rays, all 
fall on one Side the Surface, and the Focus of the reflected ones 
on the other: When they are both to fall on the ſame Side, it muſt 
be formed by the Revolution of an Ellipſis about its langer Axis. 
However upon Accaunt of the great Facility with avhich ſpherical 
Surfaces are formed in Compariſon of that with which Surfaces, 
formed by the Revolution of any of the Conic Sections about their 
Axes, are made, the latter are very rarely uſed. Add to this 
another Inconvenience, viz. that, the Foci of theſe Curves being 
Mathematical Paints, it is but one Paint of the Surface of an Ob- 
ject that can be placed in any of them at a Time, /o that it is only 
in Theory that Surfaces formed by the Revolution of theſe Curves 
about their Axes render Reflection perfect. 


Now becauſe the focal Diſtance of Rays reflected from a ſphe- 
rica! Surface cannot be found by the Analogy laid down in the third 
Propoſition of this Note, without making uſe of the Quantity 
ſought ; I ſhall here give an Inſtance whereby the Method of 
doing it in all others will readily appear. 

Prob. Let it be required to find the focal Diſtance of diverging 
Rays incident upon a convex Surface, whoſe Radius of Convexity 


is 
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of Reflection will therefore be leſs, on which g 


Account they muſt neceſſarily diverge, ſuppoſe 
in the Lines BH and FI, from ſome Point as 
Y; which Point for the Reaſon given under | 
Propoſition the fourth will fall on the contrary | 
Side the Center with reſpect to X, and, as de- 
monſtrated in the Note, will be farther from 


% 
* 


is 5 Parts, and the Diſtance of the Radiant from the Surſact 
18 20. 8 

Sol. Call the focal Diſtance ſought x, then will the DiſtanceÞ 
of the Focus from the Center be 5-—x, and that of the Radiant 
from the ſame 25 ; therefore by Propoſition the third, we have | 
the following Proportion, wiz. x: 20 :: 5 x: 25, and, 
multiplying Extreams together and Means together, we have 
25X, = 100 — 20 x, Which after due Reduction gives 4. 
== 200, 

If in any Caſe it ſhould happen, that the Value of x ſhould be 
a negative Quantity, the focal Point muſt then be taken on the 
contrary Side the Surface to that on which it was ſuppoſed that 
it would fall in ſtating the Problem. | 

If Letters inſtead of Figures had been made uſe of in the 
foregoing, Solution a general Theorem might have been raiſed, 
to have determined the focal Diitance of reflected Rays in all 
Caſes whatever. See this done by Dr. Brown in his Supplement 
to Gregory's Optics, pag. 112, Edit, Second. 


+ 


CY 
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Becauſe it was obſerved (Chap. III. in the Notes) that diffe- 
rent incident Rays, though tending to or from one Point, would at- 
ter Refraction proceed to or from different Points, a Method was 
there inſerted of determining the u Point, which each ſepa- 
rate Ray entring a ſpherical Surface converges to or diverges from 
after Reſfactian : the fame has been obſerved here with regard to 
Rays reflected from a ipherical Surface, (See Obſer cat. 2 35 

at 


3 
it than that. 4 
4. If the incident Rays tend towards V, the 
reflected ones will diverge as from X, thoſe, 
which! 


© K „ 
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which were the incident ones in one Caſe 
being the reflected ones in the other. i 
And laſtly, if the incident Rays converge 
towards the Center, they fall in with their 
reſpective Perpendiculars; on which Ac- 
count they proceed after Reflection, as from 
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de- 
rom thence. 
the | pon Method of determining the i Point, to or from which 
> y given incident Ray proceeds after R:f:#ion, is much more 
1ole, 8X ſimple. It is only neceſſary to draw the reflected Ray ſuch, that 


hich i the Angle of Reflection may be equal to the Angle of Incidence 
7 which will determine the Point it proceeds to or from in any Caſe 
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Of the Appearance of Bowies ſeen by 


Light reflected from plain and ſphe- A 


rical Surfaces. 


N the Beginning of the ſeventh Chapter, in 
which was explained the Appearance of 
Bodies ſeen through refra#ing Subſtances of 
various Forms, we laid down ſome Obſerva- 
tions reſpecting the apparent Situation of Bodies | 
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ſeen by refracted Light: all which equally } 
reſpect the apparent Situation of Bodies ſeen by 


Reflection; to them therefore we refer the 


Reader. But beſides thoſe, there is one pecu- | 


har to the Subject of this Chapter, viz. That 
each Point in the Repreſentation of an Object 


made by Reflection appears ſituated ſomewhere 


in an infinite right Line that paſſes through its 
correſpondent Point in the Object, and is per- 
pendicular to the reflecting Surface. 

The Truth of this appears ſufficiently from 
the ſeveral Propoſitions laid down in the fore- 
going Chapter, in each of which Rays flowing 
from any Radiant are thewn to proceed at- 
ter Reflection to or from ſome Point in a 
Line that paſſes through the ſaid Radiant, and 
is perpendicular to the reflecting Surface. For 
Inſtance (Fig. 43.) Rays flowing from 1 


are 


8 


eee s e 
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are collected in X, a Point in the Perpendi- 
cular CD, that produced paſſes through Y; 
again (Fig. 44.) Rays flowing from G proceed 
after Reflection, as from N, a Point in the Per- 
pendicular CD. that produced paſſes through 
G ; and fo for the reſt * 

I. When an Object is ſeen by Reflection 
from a plain Surface, the Image of it appears 
at the ſame Diſtance behind the Surface that 
the Object is placed before it, of the ſame 


of Magnitude therewith, and directly opþoſite to it. 
8 To explain this, let AB (Fig 52.) repreſent 
1er an Object ſeen by Reflection from the plain 


Surface SV, and let the Rays AF, AG be fo 
inclined to the Surface that they ſhall enter 
an Eye at H after Reflection; and let AE be 


a This Obſervation, ex:cept where an Object is ſeen by Re- 


hat flection from 2 plain Surface, relates only to thoſe Caſes where the 
g Repreſentatian is made by means of ſuch Rays, as fall upon the re- 
ſect flecting Surface with a very ſmall Degree of Obliquity ; becauſe 


ſuch, as fall at a conſiderable Diſtance from the Perpendicular, 
proceed not after Reflection as from any Point in that Perpendicu- 
lar (See the ſecond and third Obſervations in the Note to the fore- 
going Chapter) but as from other Points fituated in a certain 
Curve, as there explained ; upon which Account theſe Rays are 
neglected as forming a confuſed and deformed Repreſentation. 
And therefore it is to be remembered, that however the Situation 
of the Eye, with reſpect to the Object and reflecting Surface, 


15 1 may be repreſented in the following Figures, it is to be ſuppoſed 
Ing as ſituated in ſuch Manner with reſpect to the Object, that Rays, 
af- flowing from thence and entring it aſter Reflection, may be ſuch 
10 only as fall with a very ſmall Degree of Obliquity upon the 


Surface: that is, the Eye muſt be ſuppoſed to be placed almoſt 
directly behind the Object, or between it and the refleQing 
Surface. The Reaſon why it is not always ſo placed, is only 
to avoid Confuſion in the Figures, 


K 2 perpen- 
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perpendicular to the Surface: then by the Ob- 
ſervation juſt laid down, the Point A will ap- 
pear in ſome Part of the Line AE produced, 
tuppoſe I; that is, the oblique Rays AF and AG 
will proceed after Reflection as from that 
Point, and further, becauſe the reflected Rays 
FH, GK, will have the fame Degree of Incli- 
nation to each other, that their incident ones 
have (as was ſhewn in Propoſition the firſt 
of the toregoing Chapter) that Point muſt ne- 
ceſſarily be at the ſame Diſtance from the 
Surface that the Point A is; the Repreſenta- 
tion therefore of the Point A, will be at the 
ſame Diſtance behind the Surface, that the 
Point itſelf is before it, and directly oppoſite 
to it: conſequently ſince the like may be ſhewn 
of the Point B, or any other, the whole Image 
IM will appear at the /ame Diſtance behind 
the Sur face that the Object is before it, and 
directly ite to it; and becauſe the Lines 
Al, BM, which are perpendicular to the 
plain Surface, are for that Reaſon parallel to 
each other, it will alſo be of the ſame Magni- 
tude therewith, As was to be ſhewn “. 

II. When an Object is ſeen by Reflection 
from a convex Surface, its Image appears 
nearer to the Surface, and % than the 
Object, 

Let 


b If the Object be placed before a common Looking-glaſs, 
and viewed obliquely, three, four, or more Images of it will 
appear behind the Glaſs. 

To 
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Let AB (Fig. 54.) repreſent the Object, SV 
a reflecting Surface, whoſe Center of Convexity 
is C: and let the Rays AF, AG, be ſo inclined 
to the Surface, that after Reflection thereat, 
they ſhall enter the Eye at H : and let AE be 
perpendicular to the Surface: then will the 
I oblique Rays AF, AG, proceed after Reflection 
as from ſome Point in the Line AE produced, 
(by the Obſervation laid down at the Beginning 
of this Chapter) ſuppoſe from I; which Point, 
XX becauſe the reflected Rays will diverge more 


To explain this, let ABCD (Fig. 53.) repreſent the Glaſs, and 
let EF be the Axis of a Pencil of Rays flowing from E, a Point 
in an Object ſituated there. The Rays of this Pencil will in Part 
be reflected at F, ſuppoſe into the Line FG, (ſee the Manner in 
which Light is reflected Chap. 18.) What remains will (after 
Refraction at F which we don't conſider here) paſs on to H; 
from whence (on Account of the Quickſilver which is ſpread over 
the ſecond Surface of Glaſſes of this Kind to prevent any of the 
Rays from being tranſmitted there) they will be ſtrongly reflected 
to K, where Part of them will emerge and enter an Eye at L: 
by this means one Repreſentation of the ſaid Point will be formed 
in the Line LK produced, ſuppoſe in M. Again, another 
Pencil whoſe Axis is EN, firſt reflected at N, then at O, and 
afterwards at P, will form a ſecond Repreſentation of the ſame 
Point at Q. And thirdly, another Pencil whoſe Axis is ER, 
after Reflection at the ſeveral Points R, 8, H. T, V, ſucceſſively, 
will exhibit a third Repreſentation of the ſame Point at X; and 
ſo on in infinitum. The ſame being true of each Point in the 
Odject, the whole will be repreſented in the like Manner; but 
the Repreſentations will be faint, in Proportion to the Number 
of Reflections the Rays ſuffer and the Length of their Progreſs 
within the Glaſs. We may add to theſe another Repreſentation 
of the ſame Object in the Line LO produced, made by ſuch of 
— — as fall upon O, and are from thence reflected to the 

ye at L. 

This may be tried by placing a Candle before the Glaſs as at 

E, and viewing it obliquely, as from L. 
than 
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than the incident ones (Prop. the fixth of the 
foregoing Chapter) muſt be nearer to the Sur- | 
face than the Point A. And ſince the ſame 
is true alſo of the Rays which flow from B, 
or any other Point, the Repreſentation IM. 
will be nearer to the Surface than the Object ; 
and becauſe it is terminated by the Per- 
pendiculars AE and BF which incline to 
each other, as concurring at the Center, it} 
will alſo appear /eſs. 4 

III. When an Object is ſeen by Reflection 
from a concave Surface, the Repreſentation of 
it is various, both with regard to its Magni- 
tude and Situation, according as the Diſtance 
of the Object from the reflecting Surface is} 
greater or leſs. 

1. When the Object is nearer to the Surface, 
than its Focus of parallel Rays, the Image falls 
on the oppofite Side the Surface, is more diſtant Ni 
from it, and larger than the Object. 

Thus, let AB, (Fig. 55.) be the Object, SV 
the reflecting Surface, 5 the Focus of parallel Na 
Rays, C its Center, Through A and B the far 
Extremities of the Object draw the Lines, | 


CE, CR, which will be perpendicular to the Fo 


Surface, and let the Rays AR, AG, be inci- Wall 

dent upon ſuch Points of it that they ſhall be ¶tha 

reflected into an Eye at H. Now becauſe the 

Radiant Points A and B are nearer the Surface SV 

than F the Focus of parallel Rays, the reflected 

Rays will diverge (Chap. IX. Prop. 4.) and Here 
will 
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will therefore proceed as from ſome Points on 


ur- the oppoſite Side the Surface; which Points, 
me Aby the Obſervation laid down at the Beginning 
B, of this Chapter, will be in the Perpendiculars 
IM RAE, BR, produced, ſuppoſe in I and M: but 
_ hey will diverge in a lefs Degree than their 
der- 


Incident ones (ſee the Propoſition juſt referred 
eo) and therefore the ſaid Points will be farther 
from the Surface than the Points A and B. 
he Image therefore will be on the oppoſite 
ide the Surface with reſpect to the Object, 
It will be more diſtant than it, and conſe- 
Nuently, being terminated by the Perpendi- 
ulars CI and CM, it will alſo be larger. 
2. When the Object is placed in the Focus 
Jof parallel Rays, the reflected Rays enter the 
ye parallel (Chap. IX. Prop. 4.) in which 
aſe the Image ought to appear at an finite 
Diſtance behind the reflecting Surface; but 
he Repreſentation of it, for the like Reaſons 
hat were given in the foregoing Caſe, being 
arge and diſtinct, we judge it not much 
farther from the Surface than the Image ©. 
= 3. When the Object is placed between the 
the ¶ Focus of parallel Rays and the Center, the Image 
inci- Walls on the oppoſite Side the Center, is larger 
11 be chan the Object, and in an inverted Poſition. 
the Thus let AB (Fig. 56.) repreſent the Object, 
rface ISV the reſlecting Surface, F its Focus of pa- 


4 c See What has been ſaid concerning the apparent Situation 
anc Bf Obje&s ſeen by parallel Rays, in Chapter VII. 


will rallel 
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rallel Rays, and C its Center. Through A“ 


and B the Extremitics ot the Object draw the 
Lincs CE and CN which will be perpendi- 
cular to the Surface; and let AR, AG, be 
a Pencil of Rays flowing from A. Theſe 


Rays proceeding from a Point beyond the 
Focus of parallel Rays will after Reflection | 
converge towards ſome Point on the oppoſite 
Side the Center (Chap. IX. Prop. 4. Cale 3.) 
which will tall upon the Perpendicular EC} 


produced ; but at a greater Diſtance from C 
than the Radiant A from which they — 


(by the Propolition and Cate juſt referred to.) 
For the ſame Reaſon, Rays flowing from bp 
will converge to a Point in the Perpendicu-| 


lar NC produced, which ſhall be tarther trom 
C than the Point B; from whence it is evi- 
dent, that the Image IM is /arger than the Ob- 
ject AB, that it talls on the contrary Side 
the Center, and that their Poſitions are in- 
verted with reſpect to each other. 

4. It the Object be placed beyond the Center 
of Convexity the Image is then formed between 
the Center and the Focus of parallel Rays, 
18 3 than the Object, and its Poſition is 72. 

tel. 

This Propolition is the Converſe of the 
foregoing : tor as in that Caſe Rays pro- 
cceding from A were reflected to I, and 
trom B to M ; to Rays flowing from I and M 
will be reflected to A and B; it theretore an 

Object 


< 
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Object be ſuppoſed to be ſituated beyond the 
Center in IM, the Image of it will be formed 
in AB, between that and the Focus of parallel 
Rays, will be ½ than the Object, and in- 


verted. 


5. If the Middle of the Object be placed in 


WF the Center of Convexity of the reffecting Surface, 


the Object and its Image will be corncident ; 


W but the Image will be inverted with reſpect to 


the Object, 

That the Place of the Image and the Object 
ſhould be the fame in this Caſe needs little 
Explication ; for the Middle of the Object being 
in the Center, Rays flowing from thence will 
fall perpendicularly upon the Surface, and 
therefore — return thither again; fo 
that the Middle of the Image will be coln- 
cident with the Middle of the Object. But 
that the Image ſhould be inverted is perhaps 
not ſo clear. To explain this, let AB (Fig. 57.) 
be the Object having its middle Point C in the 
Center of the reflecting Surface SV ; through 
the Center and the Point R draw the Line 
CR which will be perpendicular to the reflecting 
Surtace, join the Points AR and BR, and let 
AR repreſent a Ray flowing from A, this will 
be reflected into RB, for C being the middle 
Point between A and B the Angles ARC and 
CRB are equal; and a Ray from B will like- 
wite be reflected to A; and therefore the Poſi- 

. tion 
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tion of the Image will be inverted with | 
reſpect to that of the Object d. fle 
6. If in any of the three laſt Caſes, in th 

each of which the Image is formed on the ſame ¶ th 


Side the reflecting Surface with the Object, the 


Eye be ſituated farther from the Surface than 
the Place where the Image falls, the Rays of 
each Pencil, croſſing each other in the ſeveral ¶ th 


Points of the Image, will enter the Eye as from M 
a real Object ſituated there; ſo that the Image ¶ ed 
will appear pendulous in the Air between the Eye ca 
and the reflecting Surface, and in the Pofition re 
wherein it is formed, vi. inverted with reſpect Wl an 
to the Object, in the ſame Manner that an be 
Image formed by refracted Light appears to P 
an Eye placed beyond it; which was fully MW © 
explained under the fourth Propofition of the E 
ſeventh Chapter, and therefore needs not be #P 
repeated here. M 

But as to what relates to the Appearance of (Le 
the Object when the Eye is placed nearer ta Ar 
the Surface than the Image, that was not there fr 
fully inquired into. That Point ſhall there- ſec 
fore now be more ſtrictly examined under th 
the following Cafe, which equally relates to th 
refracted and reflected Light, C2 


4 In this Propoſition it is to be ſuppoſed that the Object AR ¶ be 
is ſo ſituated with reipeRt to the reflecting Surface, that the Angle bi 
ACR may be right ; for otherwiie the Angles ARC and BRC 
will not be equal, and Part of the Image will therefore fall upon fo 
the Otycat and part off, 


7. It 
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7, If the Eye be ſituated between the re- 
flecting Surface and the Place of the Image, 
the Object is then ſeen heyond the Surface; and 
the farther the Eye recedes from the Surface 
towards the Place of the Image, the more con- 
uſed, larger, and nearer the Obje& appears. 

To explain this, let AB (Fig. 58.) repreſent 
the Object, IM its Image, one of whoſe Points, 
M, is — by the Concurrence of the reflect- 
ed Rays DM, EM, Fc. which before Reflection 


came from B; the other, I, by the Concur- 


rence of DI, EI, &c. which came from A: 
and let ab be the Pupil of an Eye ſituated 
between the Surface DP and the Image. This 
Pupil will admit the Rays Ha, Kb, which, be- 
cauſe they are tending towards I, are ſuch as 


came from A, and therefore the Point A will 


appear diffuſed over the Space RS, In like 
Manner the Pupil will alſo receive into it the 
reflected Rays Ka and Lb, which, becauſe they 
are tending towards M, by Suppolition came 
from B; and therefore the Point B will be 
ſeen ſpread as it were over the Space TV, and 
the Object will ſeem to fill the Space RV ; but 
the Repreſentation of it will be confuſed, be- 
cauſe the intermediate Points of the Object, being 
equally inlarged in Appearance, there will not 
be Room for them between the Points 8 and T, 
but they will coincide in part one with another; 
for Inſtance, the Appearance of that Point in 
the Object, whoſe Repreſentation falls upon c in 

L 2 the 


the Image, will fill the Space un, and ſo of the 
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reſt. Now if the ſame Pupil be removed into the 
Situation ef, the reflected Rays Ee and Gf wil 
then enter the Eye, and therefore one Extre. 
mity of the Object will appear to cover the 
Space XY ; and becauſe the Rays Of and L 
wall alſo enter it in their Progreſs towards M 
the Point B, from whence they came, wi 
appear to cover ZV; the Object therefore wi 
appear larger and more confuſed than befor: 
And when the Eye recedes quite to the Imag: 
it ſees but one ſingle Point of the Object, ar 
that appears diffuſed all over the refleQtin 
Surface: for Inſtance, if the Eye recedes t 
the Point M, then Rays flowing from the Poir 
B enter it apon whatever Part of the Surf: 
they fall: and ſo for the reſt. The Objectalſo a 
pears nearer to the Surface, the farther the E 
recedes from it towards the Place of the Imag 
probably becauſe as the Appearance of tt 
Object becomes more and more confulcd, 1 
Place is not fo caſily diſtinguiſhed from that 
the reflecting Surface itſelf; till at laſt when 
is quite confuſed (as it is when the Eye is arriy 
at M) they both appear as one, the Surf. 
aſſuming the Colour of the Object e. 


* As to the preciſe apparent Magnitude of an Object i« 
aſter this Manner, it is ſuch that the Angle it appears un 
ſhall be equal to that which the Jmage of the tame Ob 
would appear under, were we to ſuppole it ſeen from the #1: 
Fleer: that is, the appaient Object (for ſuch 1 _ — x 

[ting 
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As each Point in the Repreſentation of an 
Object made by Reflection is ſituated ſome- 
here in a right Line that paſſes through its 
Wcorre/pondent Point in the Object, and is per- 
Jpendicular to the reflecting Surface, as was 
Wſhewn in the Beginning of this Chapter; we 
oay from hence deduce a moſt eaſy and ex- 


peditious Method of determining both the 


diſtinguiſh it from the Image of the ſame ObjeR) and the Image 
ſubtend equal Angles at the Eye. 

Dem. Here we muſt ſuppoſe the Pupil of the Eye to be a Point 
only, becauie the Magnitude of that cauſes ſome ſmall Altera- 
tion in the apparent Magnitude of the Object; as we ſhall fee by 
and by, Let then the Point @ repreſent the Pupil, then will 
the extreme Rays that can enter it be Ha and Ka, the Obje& 
therefore will appear under the Angle H a K, which is equal to its 
vertical one Mal under which the Image IVI would appear, 
were it to be ſeen from a. Again if the Eye be placed in f, the 
Object appears under the Angle G O equal to IF M which 
the Image ſubtends at the ſame Place, and therefore the appa- 
rent Objea and Image of it ſubtend equal Angles at the Eye. 
. 

ow if we ſuppoſe the Pupil to have any ſenſible Magnitude, 
ſuch ſuppoſe that its Diameter may be @ þ, then the Obje ſeen 
by the Eye in that Situation will appear under the Angle H x L, 
which 1s larger than the Angle H @ K under which it appear'd 
before; becauſe the Angle at x is nearer than the Angle at a, 
to the Line IM, which us a Subtenſe common to them both. 
From this Propoſition it ſollowe, that, were the Eye cloſe to 
the Surface at R, the real and apparent Object would be ſeen 
under equal Angles (for the real Object appears from that Place 
under the ſame Angle that the Image does, as will be ſhewn 
at the End of this Chapter) therefore when the Eye is nearer 
to the Image than that Point, the Image will ſubtend a larger 
Angle at it than the Object does; and conſequently ſince the 
Image and apparent Object ſubtend equal Angles at the Eye, the 
apparent Object muſt neceilarily be teen uncer a /arger Angle 
than the Object itſelf, wherever the Eye be placed between the 
Surface and the Image. 

Mag- 


A 
2 


* 
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Magnitude and Situation of the Image in all 
Cafes whatever. Thus, 

Through the Extremities of the Object AB, 
and the Center C, (Fig. 59, 60, or 61.) draw 
the Lines AC, BC, and produce them as the 
Caſe requires ; theſe Lines will be perpendicu- 
lar to the reflecting Surface, and therefore the 
Extremities of the Image will fall upon them, 
Through F the middle Point of the Object 
and the Center, draw the Line FC and pro- 
_ duce it till it paſſes through the reflecting Sur. 
face, this will alſo be perpendicular to the 
Surface. Through G, the Point where this Line} 
cuts the Surface, draw the Lines AG and BG 
and produce them this way or that, till they 
croſs the former Perpendiculars ; and where 
they croſs, there I and M the Extremities by 
of the Image will fall. For ſuppoſing AG . 
to be a Ray proceeding from the Point A Ich. 
and falling upon G, it will be reflected to B; ſpe 
| becauſe FA is equal to FB, and FG is per- Hof 
pendicular to the reflecting Surface; and there- 
fore the Repreſentation of the Point A will 
be in BG produced as well as in AC, MWg. 
conſequently it will fall on the Point I where Hor 
they croſs each other. Likewiſe the Ray th. 
BG will for the fame Reaſon be reflected 
to A, and therefore the Repreſentation of fut 
the Point B will be in AG produced as WW a, 
well as in ſome Part of BC, that is, in M MW 
where 
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vhere they croſs, From whence the Propo- 


ition is clear. 

If it happens that the Lines will not croſs 
vhich way ſoever they are produced, as in 
Fig. 62.) then is the Object in the Focus of 
rallel Rays of that Surface, and has no Image 
ormed in any Place whatever. For in this 
aſe the Rays AH, AG, flowing from the Point 


eck Na, become parallel after Reflection in the Lines 
Pro-, GB, and therefore do not flow as to or 
urs Whom any Point: in like Manner Rays flowing 
the rom B are reflected into the parallel Lines KB 
e Hand GA; fo that no Repreſentation can be 
BG Wformed by ſuch Reflection. 

wy From hence we learn another Circumſtance 


relating to the Magnitude of the Image made 


ities by Reflection; vi. that it ſubtends the ſame 
AC Angle at the Vertex of the reflecting Surface 
fp that the Object does. This appears by In- 


ſpection of the 59, 60, or 61ſt Figure, in each 
of which the Angle IGM, which the Image ſub- 
tends at G the Vertex of the reflecting Surface, 
is equal to the Angle AGB, which the Object 
ſubtends at the ſame Place; for in the two firſt 
of thoſe Figures they are vertical, in the third 
Ray W they are the fame. And 

Farther, the Angle ICM, which the Image 
ſubtends at the Center, is alſo equal to the 
Angle ACB which the Object ſubtends at 
the ſame Place; for in the two firſt Figures 
nere they 
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they are the fame, in the laſt they are ver. 


tical to each other. 

From whence it is evident, that the Object 
and its Image are to each other in Diameter, 
either as their reſpective Diſtances from the 
Vertex of the reflecting Surface, or as their Di- 
ſtances from the Center of the ſame. 

IV. As Objects are multiplied by being ſeen 
through tranſparent Media, whoſe Surfaces arc 
I diſpoſed, as was explained (Chap. VII. 


rop. 4.) ſo they may alſo by reflecting Sur-ſj 


faces, Thus, 

1. If two reſſecting Surfaces be diſpoſed at 
right Angles, as the Surfaces AB, BC, (Fig. 
63.) an Object at D may be ſeen by an Eye 
at E, after one Reflection at F, in the Line 
EF produced; after two Reflections, the firſt 
at G, the ſecond at H, in the Line EH pro- 
| duced; and alſo after one Reflection made at 
A, in the Line EA produced. 

2. If the Surfaces be parallel, as AB, CD, 
(Fig. 64.) and the Object be placed at E and 
the Eye at F, the Object will appear multiplied 
an infinite Number of Times: Thus, it may be 
ſeen in the Line FG produced, after one Re- 
flection at G; in the Line FH produced, after 
two Reflections, the firſt at I, the ſecond at 
H; and alſo in FP produced, after ſeveral 
ſucceſſive RetjeCtions of the Ray EL, at the 
Points L, M, N, O, and P: and fo on in in- 
Huit uin. But the greater the Number of Re- 

flections 
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flections are, the weaker the Repreſentation 
will be. 

There are reflecting Surfaces made, ſome 
cylindrically convex, others cylindrically con- 
cave; both which Kinds are defigned to ren- 
der the Image of an Object deformed, or the 
contrary, by augmenting or diminiſhing it in 
one Dimenſion and not in another ; 2 the 
former Sort are convex one way, vig. round 
their Axes, and plain the other, viz, length- 
W wiſe ; the other are concave round their Axes, 
and plain the other way : upon which Account 
Surfaces of theſe Kinds neceſſarily have ſuch 
Effects. 

When a very deformed Picture, or rather 
no Picture at all, but a ſeemingly irregular and 
accidental Poſition of Colours is placed be- 
fore one of theſe Surfaces, and ſeen by Re- 
flection from thence, a beautiful and well pro- 
portion'd Image ſhall appear therein, But to 
explain Phanomena of this Kind is not the 
Intent of this Compendium. Enough has been 
faid to explain the Principles of Catoptrics. 
Paſs we on now to the third and laſt Diviſion 
of Optics, viz. the Doctrine of Colours. 


M CAP. 
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Of the different Refrangibility in the 
Rays of Light; of the Colours th: 
diſtinct Specics of them are diſpoſedl 
ro excite; and of the Cauſe of that 

| Variety of Colours which is obſer- 
vable in Bodies. 


N treating of the Refraction of Light in the Ine 
Beginning of this Part, we ſuppoſed thatMuc! 
all Light, in paſſing out of one Medium intofthe 
another ot different Denſity, 18 equally refracted 
in the ſame or like Circuniſtances. This is the 
Notion the Philoſophers before Sir T/aac New- 
tens Time had of it; but that indefatigable and 
Ccircumſpect Author has diſcovered that it is 
not ſo, but that ?here are different Species of 
Light; and that each Species 1s diſpoſed both 
to ſuffer a different Degree of Refrangibility 
in paſji ng out of one Medium into another, and roi 
to excite in us the Idea of a different Colour 
from the ret; and that Bodies appear of thate: 
Colour 20 * h ariſes from the Compoſition of 
the Colours the ſeveral Species they reflect are Inte 
di poſe to excite. 
There are Abundance of Experiments made 
by Sir Jae Newton and others for the Con- 
ſirmation 
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irm.tion of this Doctrine; I ſhall only ſelect 
he following ones, which will ſufficiently il- 
aitrate the Propoſition, and evince the Truth 
pf it. And 

Firſt, There are different Speczes of Light, and 


eich Species is diſpoſed to ſuffer a different 


Yegree of Refrangibility, and to excite the Idea 
pf a different Colour. 

To ſhew this, let a Room be darkened, and 
he Sun permitted to ſhine into it through a 
mall Hole in the Window-ſhutter, and be 
ade to fall upon a Glaſs Pim (by which is 


Iycant a Piece of Giaſs of a triangular Form, 


uch as is repreſented in Figure 65.) then will 
he Sun's Light in paſſing through this Priſm 
uffer different Degrees of Refraction, and b 

hat means be parted into different Rays, which 
Rays being received upon a clean white Paper 
vill exhibit the following Colours, vis. Red, 
range, Yellow, Green, Blue, Indigo, and a 
iolet Purple, Thus, let AB (Fig. 66.) re- 
reſent the Window - ſhutter, C the Hole in it, 
EF the Priſm, ZV a Ray of Light coming 
rom the Sun, which paſſes through the Hole 
nd falls upon the Priſm at Y, and if the Pri/m 
vere removed would go on to X, but in 
ntring its firſt Surface EF ſhall be refracted 
nto the Courſe VW, falling upon the ſecond 
n W, where in going out into the Air it ſhall 
e refracted again. Let the Light now, afcer 


t has paſſed the Pri/m, be received upon a 
M 2 


Shect 
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Sheet of white Paper GHIK held at a proper 
Diſtance, and it will exhibit upon the Paper 
a Picture or Image at LM of an oblong Fi. 
gure, whoſe Ends are ſemicircular and Sides 
ſtrait. And it ſhall be variegated with Co. 
lours after the following Manner. From 
the Extremity M to ſome Length ſuppoſe to 
the Line 70, it ſhall be of an intenſe Red 
from no to fg it ſhall be of an Orange Colour; 
from pg to 75 it ſhall be Yellow ; from thence 
to tu it ſhall be Green; from thence to vx] 
Blue; from thence to yz Indigo; and from 
thence to the End Violet. And if the whole 
Image be divided lengthwiſe into 360 equal 
Parts, the Red ſhall take up 45 of them, the 
Orange 27, the Tellow 48, the Green 60, 
the Blue 60, the Indigo 40, and the Viol 


80 f. 
To 


f Sir Jaac Newton in his Opitics has ſhewn, how from tle 
RefraQtion of the molt refrangible and leaſt refrangible Rays, t: 
find the Refraction of all the intermediate ones. His Rule 
this, if the Sine of Incidence be to the Sine of Reſraction iu thi 
leaſt refrangible Rays as AV to BC (Fig.67.) and to the Site 
of Re fraction in the moſt refrangible as AV to BD; and i 
CE be taken equal to CD, and then ED be fo divided it 
, 8. H, I, K, L. that ED, EF, EG, EH, EI, ER, 
EL, EC, may be proportional to the eight Lengths of muſics: 
Chords, which ſhall ſound the Notes in an Octave, ED being 
the Length of the X, EF the Length of the Tone above tha 


Key, EG the Length of the /r Third, EH of the Furl. 


EI of the Fifih, EK of the greater Sixth, UL of th: 
Gewenth, and EC of the Odtave above that Key; that . 
if the Lines ED, EF, EG, FH, EI, EK, EL, ard 
EC bear the ſame Proportion to each other as the Numben 

ly 
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To render this Proof complete, we muſt now 
ew, that theſe Diſpoſitions of the Rays of 
ight, to produce ſome one Colour, and ſome 
another, which manifeſt themſelves after being 
efracted, are not wrought by any Action of 
he Priſm upon them, but are originally inhe- 
ant in thoſe Rays; and that the Priſm only af- 
ords each Species an Occaſion of ſhewing its 
iſtinct Quality, by ſeparating them one from 
Ihe other, which before, while they were blend- 
ed together in the unfracted Light of the Sun, 
Jay concealed. 
This will be proved by the following Experi- 
ment. Things remaining as in the foregoing one, 


S. 3. 3, 3, 2, 3, g, 2, reſpectively, then ſhall BD and 
BF be tne Limits of the Sines of Refraction of the violet Rays: 
hat is, the violet coloured Rays ſhall not all of them have 
reciſety the ſame Sine of Refraction, but none of them ſhall 
ave a greater Sine than BD nor a leſs than BF, though there 
de violet coloured Rays which anſwer to any Sine of Refraction 
hat can be taken between theſe two. In the ſame manner BF 
nd BG are the Limits of the Sines of Refraction of the In- 
e; BG and BH are the Limits belonging to the Blue; BH 
nd BI, the Limits pertaining to the Green ; BI and BK, the 
imits for the Tellow ; BK and BL, the Limits for the orange 
oloured Rays; and laſtly BL and BC, thoſe of the Sines of Re- 
ration belonging to the Red. 
And particularly, when Light paſſes out of Glaſs into Air, 
the Sine of its Angle of Iacidence be 50, the Sine of the 
Angle of Refraction of the Red will be between 77 and 
„ of the Orange coloured between 774 and 774, of the 
„i between 77% and 774, of the Green between 774, and 
, of the Blue between 774, and 775, of the Indigo between 
and 77% and of the viclet coloured Rays between 775 


5 


Aud 78. 


let 
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let another Priſm, as NO (Fig. 68.) be placed 


either cloſe to, or at ſome Diſtance from 
the firſt, in a perpendicular Situation with re. 
ſpect to the former, ſo that it may refract the 


Rays iſſuing from the firſt ſideways. Now, if thi 
Priſm could ſeparate the Light which falls upoÞ 


it into coloured Rays, as the other did, it would 
divide the Image breadthwiſe into Colours, a 
before it was divided lengthwiſe; but no ſuch 
Thing is obſervable : For the Image ſhall only 
be thrown out of the perpendicular Situation 
LM into the oblique one PQ ; the upper Parts 
which were more refracted in the former Caſe 
being more refracted in this, and therefore made 
to recede farther ſideways from their former di. 
tuation L, than the lower ones are from M, 
And farther, each Colour ſhall be uniform from 
Side to Side in the oblique Image, as well as in 
the perpendicular one. 
there be any Objection againſt the Suffici- 
ency of this Proof, if muſt be, that the Rays, 
when they fall upon the ſecond Priſm, are not 
all in like Circumſtances, with regard to their 
Inclination to its Surface; I ſhall therefore, to 
obviate that Objection, add one more Experi- 
ment which ſeems to be peculiarly adapted to 
that Purpoſe, It is as follows: 


Two boards AB, CD, (Fig. 69.) being 


erected in a darkened Room at a proper Di- 
ſtance, one of them AB, being near the Win- 
dow-ſhutter EF, A Space being only left for the 

| Prifm 


h. 
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cedpriſm GHI to be placed between them; fo 
on pat Part of the Rays, which enter the Hole 
M, may, after paſſing through the Priſm, 

tranſmitted through a ſmaller Hole K 
ade in the Board AB, and paſſing on from 
PoW@hence go out at another Hole L, made in 
he Board CD, of the ſame Size as the Hole 
, and ſmall enough to tranſmit the Rays of 
ne Colour only at a Time : Let another Priſm 
POR be placed behind the Board CD to receive 
he Rays paſſing through the Holes K and L, 
and after Refraction by that Priſm, let the Rays 
ale, fall upon the white Surface ST. Suppoſe, firſt, 
nade the violet Light to paſs through the Holes, and 
o be refracted by the Priſm POR tos, which, 
f that Priſm were not there, would have paſſed 
n to W. If the Priſm GH be turned about 
owly, ſo that the incident Ray ZY may fall 
ore obliquely upon it, while the Boards and the 


7 


Ac ther Priſm remain fixed, in a little Time ano- 
days, her Colour, ſuppoſe Indigo, which we may 
not 


uppoſe before to have proceeded to 1, will 
paſs through the Holes K and L, and, if the 
Priſm PQR were away, would proceed like 
he former Rays to the ſame Point W. Now 
he Refraction of this Priſm will not carry 
Pbeſe Rays to s as it did the other, but to 
X1Ng Wome Place leſs diſtant from W, as to f. 
Di- ut it is manifeſt that the Holes K and L being 
Vin- In the fame Situation in each Caſe, both Sorts 


r the pf Rays enter the Priſm POR under the ſame 
'rifm Cir- 
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Circumſtances, for they are equally incline 
to its Surface RP, and enter it at the fan 


Point thereof; which ſhews that the one & 


cies is more diverted out of its Courſe 


Refraction than the other is, when the CI 


cumſtances of Incidence are the ſame in each 


Farther, if the Priſm GHI be turned abo 


y 


till the Rays which exhibit Blue paſs throug 
the Hole L, theſe will fall upon the Surfaq 


ST below r, as at 2, and therefore are ſubje , 
to a leſs Degree of Refraction than ſuch i. 


produce Indigo. And thus by proceeding 
will be found that the Green is leſs refractes 


than the Blue, and ſo of the remaining Cu 


lours, according to the Order in which the 
are repreſented in an Image formed by 
ſingle Priſm g. 


e There are Abundance of Experiments made by the Auth 
of this Doctrine and others for the Confirmation of it, as we 
obſerved above Jo give them all at full Length would tit 
the Reader. As chat if a Body be painted one half Red, an 
the other Blue, and then viewed through a Priſm ; the app: 
rent Place of the one half ſhall be different from that of ti 
other: and if it be painted with a Mixture of theſe two Coloun 
it ſhall appear confuled and deformed. Both which evident) 
ſhew that the Rays, which each of theſe Colours reflect, ſuf 
different Degrees of Refraction in paſſing through the Priſn 
And if two Bodies be painted, the one Red and the othe 
Blue, and the Rays which flow from them be made to pal 
through a convex Lens, the Focus, made by the Concurrence d 
the Rays which flow trom that which is painted with Blur, 
ſhall fall at a leſs Diſtance behind the Lens, than that which 
is made by thoſe which come from the Red one, See it 
Experiment made by Dr. De/aguliers in a very accurate Man 
ner (Philoloph. Tran. NV. 426.) in Oppoſition to Sigar. Ritxeti, 
who diſputes the Conclutvenels of Sir //aac Ness Ex yy 

An 
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And alſo each Species of Rays is diſpoſed 


Cline o excite in us the Idea of a different Colour. 
land This is ſufficiently clear from what has been 
> Off Wlcady faid, and is farther confirmed by what 
'© Follows, v/z. That whatever Species of Rays 
0 are thrown upon any Body, they make that 
each Body appear of their own Colour. Thus 
abo Minium in red Light appears of its own 
"01 olour; but in ye/low Light it appears yellow; 
erfand in green Light it appears green; in blue, 
abjeſdue; and in violet- purple coloured Light it 
ch 4 appears of a purple Colour: in like manner 
"5 Nverdigreaſe will put on the Appearance of that 
acteColour in which it is placed. But each of 
; Collfflheſe Bodies appears moſt luminous and bright 
thefWwhen enlightned with its own Colour, and 
by Maimmeſt in ſuch as are moſt remote from 
that. Tis certain therefore each Ray is diſ- 
poled to excite its own Colour, which is 
neither to be alter'd by Refraction nor Re- 
ud gection. 
. apa Thus much in Confirmation of the firſt Part 
of uf the Propoſition, viz. That there are diffe- 
ene rent Species of Light, that each Species is 
buff diſpoſed to ſuffer a different Degree of Re- 
Fin frangibility, and to excite in us the Idea of a 
0 pa different Colour. We proceed now to the 
ence *Wſccond Part of the Propoſition, ig. 
what 2. That Bodies appear of that Colour, which 
ee tht 


» Man 
it2etti, 
ments, 


And 


reſults from a Compoſition of thoſe Colours, 
N which 
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( 

which the ſeveral Species they reflect are dif. g. 
ſed to excite. | 11 
We have juſt now ſeen that each Ray, 
whatever be the Colour of the Body it is re. rec 


flected from, is able to excite no other 1d 
than that of its own Colour, and that coloure the 
Bodies reflect not all the different Sorts of Ray evi 
that fall upon them in equal Plenty; but ſome va 
Sorts, viz. thoſe of their own Colour, mud Rav 
more copiouſly than others. We will now proj... 
ceed to thew, that the other Colours may bc! 
produced from a Mixture of thoſe ſeven, hid inet 
Rays of Light when ſeparated by a Priſm arMaix; 
diſpoſed to exhibit, From whence it will dit 
rational to conclude, that Bodies appear of thafW..1.; 
Colour which ariſes from the Mixture of tho 
which they reflect. pain 

1. All the priſmatic Colours (viz. thofthe 
which are made by the Priſm) mixed togethe 
appear white a little inclining to Yellow, ſud 
as is that of the Sun's Light. 

To ſhew this, let a convex Lens be place 
between the Priſm and the Paper which 
ceives the Image, in order that the Rays { 
parated by it may be collected into a Focu 
and let the Focus fall upon the Paper, the 


in v 
by t 
abou 
appc 
Prop 
turn 
whe! 
abur 


will the Spot where it fall appears white. A N 
that the Whiteneſs of this focal Point is owinflquce 
to the Union of thoſe Colours appears fro Def. 
hence, that if we remove the Paper from t T 


fo ſuffe 
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diſ. BY focal Point, and ſuffer the Rays to croſs each 

other in the Focus, and if when they have pro- 
ay, ¶ cceded to ſome Diſtance beyond, they be then 
re. received upon the Paper, the fame coloured 
Image will be exhibited, but inverted, becauſe 
ure the Rays croſs each other in the Focus; an 
evident Proof that the Whiteneſs of the Spot 
one was owing to nothing but the Mixture of the 
auc Rays conſtituting the ſeveral Colours of the 
mage. But if the Rays of any particular 
Colour be intercepted before they are collected 
in the ſaid Spot, it then appears not only of a 
different Colour from what it did before, but 
different from any of the priſmatic Colours 
taken ſeparately. 

Or if the Circumference of a Wheel be 
painted with the pri/matic Colours taken in 
thothe ſame Proportion with reſpect to each other 
ethefWin which they are exhibited in the Image made 
luc by the Priſm, and the Wheel be turned ſwiftly 

about, the Circumference of that Wheel ſhall 
Lack appear white : if they are taken in other 
h re Proportions, the Colour of the Wheel when 
8 turned about will vary accordingly. From 
ci whence this Part of the Propoſition is alſo 
the abundantly clear. 
An No Compoſition of theſe Colours will pro- 
Wich duce Black: That being no Colour, but the 
frau Defect, or Abſence of all Colour whatever. 
n tl That Specres of Light, which is diſpoſed to 
focYſuffer a greater Degree of Refraction, requires 
N 2 pro- 


Surface of any Medium to occaſion a f7otal 
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proportionally leſs Obliquity at the ſecon 


Reflection of it there; ſo that it is poſſib 
that a Ray of Light may paſs through a M 
dium with ſuch Obliquity, that only that Par 
of it which is diſpoſed to exhibit a w2ole 
Colour ſhall be reflected at the ſecond Sur 
face, and all the reſt tranſmitted there. Thi 
indeed is a neceſſary Conſequence of what wa 
obſerved concerning the Reflection of Light 
at the ſecond Surface of any Medium; (Chap. 8. 
viz. that the Reflection of a Ray is total 
when the Obliquity of the incident Ray i 
ſuch, chat the Angle of Refraction ought tc 
be equal to, or to exceed a right one. I ſa 
this is a Conſequence of that, becauſe the 
Angle of the Refraction of the violet colouret 
Light is larger than the Angle of Refraction 
of any other, though their Angles of Inci 
dence be equal. And accordingly thus it 
happens, as appears by the following Experi 
ment. 

Let AB (Fig. 70.) repreſent the Window- 
ſhutter of a darkened Room; C an Hole to let 
in a Ray of the Sun; DEF, GHI, two Priſms 
ſo applied together that the Sides EF and 
GI be contiguous, and the Sides DF and GH 


parallel: In this Situation Light will paß 
through them without any Separation into 
Colours; for the oppolite Sides being parallel, i 
the Rays are refracted one Way where they 
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o in, they will be as much refracted the 
ontrary Way where they go out (See Page 51.) 
zut if it be afterwards received by a third Priſm 
LM, it will be divided fo as to form upon any 
hite Body NOYU the uſual Colours, Niolet 
it /, Indigo at m, Blue at u, and Red at „. 
ow let it be ſuppoſed that the Surfaces EF 
Ind GI are not quite cloſe together, but that 
e Rays, in paſſing from one to the other, 
s through a Medium (viz, the Air) of diffe- 
it Denſity from that of the Priſins: and 
Dat the Ray Z C is not ſo much inclined 
the ſecond Surface of the firſt Priſm as 
cauſe a total Reflection of any one Spe- 
Joes there; then will Part only of each Species 

e reflected and Part tranſmitted, agreeably to 
F'hat was obſerved (Chapter 8.) concerning 
he Manner of Reflection. Let now the re- 
jected Rays be received by a fourth Priſm 
IXV; theſe, after paſſing through it, will 
aint upon a white Surface RS the Colours 
f the Priſm, viz. Red at s, Orange at t, 
ellow at v, and Violet at 2. Let now the 
Prims DEF, GHI, be flowly turned about, 

eeping ſtill the ſame Situation with reſpect 
Wo each other, until the Obliquity of the Rays 

EC to the Surface EF be ſo far increaſed, 
at there ſhall begin to be a total Reflection 
them there. In which Caſe it is obſervable, 
hat farſt of all the violet Light will be 
pally reflected, and will therefore diſappear 


at 
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at /, appearing, inſtead thereof at Z, and in. 
creaſing the vzo/et Light which fell there before, 
| And when the Rays ZC become mor 
| oblique by the Priſms being turned farthef 
| about, the Tudigo ſhall be "totally reflect 
diſappearing at n, but falling upon u, ani 
making the vit there more intenſe; Anf | 
by turning the Priſms ſtill farther about, af 
the remaining Colours will be ſucceflively fe. 


moved from the Surface PQ to RS, 


NE 


* 
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el he Qualifications in Bodies, which 


HAN AL 


i di/poſe them to reflec? the Rays of 
wv different Colours, 
t, al | 
ly ri 


E are now to inquire what it is that 
gives Bodies this Power of reflecting, 
me one ſort of Rays moſt copiouſly, and ſome 
nother, And this is probably no other than 
ice different Magnitude of the Particles where- 
f they are compoſed ; as will appear from 
he following Obſervations, 


If Water be prepared with Soap ſo as to 
ender it ſufficiently tenacious, and then blown 
p into a Bubble; it is obſervable, that as the 
ubble grows thinner, and thinner (as it will do 
y reaſon of the Water's continually running 
own from the Top of it, till it breaks) diffe- 
ent Colours will ariſe one after another at 
he Top of the Bubble, ſpreading themſelves 
nto Rings, and deſcending till they vaniſh 
it the Bottom in the ſame Order they aroſe 
it the Top. Thus, in an Experiment of this 
Kind, tried by Sir Jaac Newton, the Colours 
role in this Order; firſt Red, then Blue; 
0 which ſucceeded Red a ſecond Time, and 

Bluc 


HAP 
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Blue immediately followed; after that N 
a third Time, ſucceeded by Blue; to whid 
followed a fourth Red, but ſucceeded by Green, 
after this a more numerous Order of Colouff | 
firſt Red, then Jello, next Green and afiel 
that Blue, and at laſt Purple; then againff 
Red, Yellos a, Green, Blue, Violet follows 
cach other ; and the laſt Order of Colours th:ll 1 
aroſe was Red, Yellow, White, Blue; to whidl 
ſucceeded a dark Spot that afforded ſcarce ar 3 7 
Light, though it was obſerved to cauſe fon 
very obſcure Reflection, for the Image of mn. 


Sun or Candle might be faintly diſcerned ig 
it; and this laſt Spot ſpread itſelf more a © 
more, till the Bubble broke, ber 
Now tis apparent that the only Reaſon, v. 
thoſe different Colours ſucceeded each other If t 
the Top of the Bubble in the abovementiondM<* 
Manner, was becauſe its Thickneſs in that us 
continually varied, till it broke. It remains * 
therefore to examine what was the Thickne * 
of the Bubble at the Top, at the Time! ” 
exhibited each particular Colour. And this wil 
effected by the following Contrivance, vii © 
by taking the Obje-Glais of a long Teleſco an 
ſuch having but a very ſmall Degree of Car ra 
vexity, and placing it upon a flat Glaſs : thay. * 
Glafles by reaſon of the Convexity of the forma. | 
would touch but in one Point, and the Diſtan oY 
between them, where they did not touch, wou «a 
be exceedingly ſmall, but larger the * 1 
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we conſider it from the Point of Contact. Now 
Vater being put between theſe Glaſſes, the ſame 


ben it was thinneſt, Next to this Spot lay 
blue Circle, and next without that a white 
oc, and on in the ſame, but contrary Order 
chat in which the Colours aroſe on the 
Wop of the Bubble, 

Now the Diſtance between the Glaſſes, that 
„ the Thickneſs of the Body of Water between 
hem, where it exhibited any one Colour of 

particular Order, was equal to the "Thickneſs 
df the Bubble at the Time the ſame Colour ap- 
ared upon it. For though the Medium the 
ight mult paſs through to come at the Water 
s in one caſe, Glaſs, and in the other, Air; 
hat makes no Difference in the Sprcres of the 
olour refleted from the Water: for Pieces of 
ſrſcooy Glaſs, made thin enough to appear 
oloured, would have their Colours faded, but 
ot the Spech: 's of them altered by being made 
vet with Water. But it was found that tran(- 
arent Bodies of different Denſity would not, 
nder the fame Thicknefles, exhibit the ſame 
'olours : for if the forementioned Glaſſes were 
ad upon each other without any Water be- 
ween them, the Air between them would 
hen afford the {ne Colours as the Water, 

0 but 


* olours appeared as in the Bubble, in the F orm 

f Circles or Rings ſurrounding the Point 
0x bere the Glaſſes tonched, which Point ap- 
> OW erred black, like the Top of the Bubble 
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but more expanded, ſo that each Ring had: 
larger Diameter, though they bore all the ſame 
Proportion to each other; ſo that the Thickneſ 
of the Air proper to reflect each Colour va 


in the ſame Proportion larger, than the Thick. 
neſs of the Water adapted to reflect the 


ſame. 


Farther, all the Light which is not w 
flected by the thin Subſtances, whether of A 


or Water contained between the Glaſles, i 
tranſmitted through them; for when viewer 
from the other Side, they exhibit alſo colouret 
Rings as before, but in a contrary Order; fa 
the middle Spot, which in the other Viey 
appears black for Want of reflected Light, no 
looks perfectly white; next without this Spd 
the Light appears tinged with a yellowiſh Red; 
where the I bite appeared before, it now ſeen 

Black ; and ſo of the reſt, 
It is farther obſervable, that the foremen 
tioned thin Plates, whether of Air or Wate 
do not appear of the ſame Colour whe 
viewed obliquely, as when ſeen direct: fort 
the Rings and Colours between a convex an 
plain Glaſs be viewed firſt in a direct Manne. 
and then under different Degrees of Obliquity 
the Rings will be obſerved to dilate themſely 
as the Obliquity is increaſed, But a Plate 0 
Air between the Glaſſes alters its Colour mud 
ſooner than the Water in the Bubble whict 
is ſurrounded with Air, For in the Watt 
whe! 


Pa 
vh 


be 


de 
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vhen viewed obliquely the ſame Colour might 
> ſeen at more than twelve Times the Thick- 
kneſ ¶ Heſs it appeared at under a direct View; but when 
wal he Air was viewed under ſuch an Obliquity that 
hick. he Thickneſs of the Plate, where it was obſerved, 
t th | as but half as much again as when it was view- 
d directly, a different Colour appeared. 

tn Laſtly, the ſame Colour refſected from a 
f AEcnſer Subſtance reduced to a thin Plate, and 
s, i Norrounded by a rarer, will be more briſk, 
ewell than the ſame Colour, when reflected from 
huren thin Plate formed of the rarer Subſtance, 
; {Wd ſurrounded by the denſer, as was found 
Vien by blowing Glaſs very thin, which exhibited 
non in the open Air more vivid Colours, than the 
Spo Air does between two Glaſſes. 

ed! As to the Thickneſs of the Plate of Air by 
cen which the ſeveral Colours were reflected, it 
was found by carefully meaſuring the Diſtances 
of the Rings from the Point where the Glaſſes 
Fate touched, that the Diſtance between the Glaſſes 
when where the firit Order of Colours was reflected, 


1 2 
tor was from 575% to i736 Part of an Inch; 
© an X 
nne{Mthat where the ſecond, was from 17309 to 


uit) - * - - > to Fes 
Jun ; that where the third, from i730 to 178000, 


wy and ſo on in a Series of the odd Numbers: 
and that the Dittance of the Glaſſes, where the 


15 firſt Order of Colours that was tranſmitted 


Vate 


whe! 


XII 


ad 1 
ſame 


men 


paſſed through, was from © to — Part of 
O 2 an 
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an Inch ; that where the ſecond, was from 


2 3 
37800 to 178; that where the third, from 
4 5 

e to 1780, and ſo on in a Series of the 
even Numbers. And the Thickneſs of a Plate 
of Water, where it reflected or tranſmitted thy 
| ſame Colours, was 3 of the Thickneſs of the 
Plate of Air. 

Now we learn from Experiments made 
with the Microſcope, that the leaſt Parts of 
almoſt all Bodies are tranſparent ; or the tame 
may be experienced in the following Man- 
ner: Take a very thin Plate of the opakeſt 
Body, and the Room being darkened apply it 
to a ſmall. Hole in the Window-ſhutter, and 
it will ſufficiently diſcover its Tranſparency, 
This Experiment cannot be ſo well performed 
with a white Body, becauſe of the ſtrong re- 
flective Power in ſuch ; but even thoſe, when .I 
diſſolved in Aqua Fortis or other proper Men- 
ftruum, do alſo become tranſparent. Where- 
fore if we ſhould ſuppoſe any Body reduced 
to a Thinnels proper to produce any particular 
Colour and then broken into Fragments, in 
all Probability each Fragment would exhibit 
that Colour, and an Heap of ſuch Fragments 
would conſtitute a Body of that Colour: fo 
that the Cauſe, why ſome Bodies reflect 
one Sort of Rays moſt copiouſly, and ſome 
another, is probably no other than the dif- 
ferent Magnitude of their conſtituent Parti- 

cles 
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les h. This will be farther confirmed by Par- 
iculars. The Colours in the ſame Part of a 
Peacock's Tail vary as the Tail changes its 
Pofture, with reſpect to the Eye; juſt fo the 
hin Plates of Air or Water appear of a dif- 
erent Colour in the ſame Plate when view'd 
lirectly, from what they do when ſeen ob- 
quely, as was obſerved above. The Colours of 


Pilks, Cloths, and other Subſtances, which Wa- 


er or Oil can intimately penetrate, become faint 
nd dull by being wet with ſuch Fluids, and 
ecover their Brightneſs when dry ; juſt as we 
bſerved, that Plates of Muſcovy Glaſs grew 
aint and dim by wetting. All which Parti- 
ulars, and many more that might be pro- 
Iuced, give abundant Proof of the preſent 
ont 2, 


bh This Sir [aac Newton thinks a probable Ground for making 
onjecture concerning the Magnitude of the conſtituent Particles 
f Bodies. The Green of Vegetables he takes to be of the 
hird Order, as likewiſe the Blue of Sytup of Violets. The 
zure Colour of the Sky, he thinks is of the firſt Order, as 
o the moſt intenſe and luminous White; but if it is leſs ſtrong. 
e then conjectures it to be a Mixture of the Colours of all Or- 
ers, Of the latter Sort he takes the Colour of Linen, Paper, 

d ſuch like Subſtances to be; but white Metals to be of the 
ormer Sort. For producing Black, the Particles mult be fmaller 
an for exhibiting any of the Colours, vi. of a Size anſwering 
dthe Thickneſs of the Bubble where it teflected little or no Light, 

d for that Reaſon appeared colourleſs. 

i See dir uac Newton's Optics, paſſim. 


CHAP, 


154 Of the Cauſe of Opacity and 
C HAP. XIII. 
07 the Cauſe of Opacity and Tranſpa- 


rency in Bodies. 


HEN two Mediums or tranſparent 
Subſtances of equal Denſity are conti 
guous, or as near to each other as the Glaſſe 
were, where the Light was wholly tranſmitted, 
in the Experiment made with the Object Gl 
mentioned in the foregoing Chapter, a Ray 
Light will paſs from one to the other with 
out ſuffering either Reflection or Refraction 
but if they differ in Denſity, the Light vil 
undergo both; Part of it being reflected and 
Part refracted. Juſt fo it is with a Ray « 
Light in paſſing through the different Pa 
ticles of the fame Body. For Inſtance, | 
when the Ray has paſſed through any on: 
Particle of a Body, it finds another cont 
guous to it, it will enter that Particle with 
out Interruption ; but if at its Emerſion ou 
of that Particle, it enters a Pore ſufficient) 
large, Part of it will be tranſmitted and Pa 
reflected. Thus will the Light every time 
enters a Pore, unleſs it be an exceeding ſmall 
one, be in part reflected: So that nothin 
more ſeems neceſſary to render a Body opake 
than that the Particles, of which it is com 
poſed, touch but in few Points, and that the 
Pore 
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pores of it be very numerous and large; 
o that the Light, which enters it, may by 
umerous Refractions and Reflections be ſtifled 
ind loſt within it. On the contrary, if the 
particles of a Body touch each other in many 
Points, and its Pores be few and ſmall, or 
illed with a Subſtance of nearly an equal 
Denſity with the Particles of the Body, that 
Body will be tranſparent. 

In confirmation of this, we may obſerve, 


ſpa- 


arent 
:onti- 
rlaſle 
1tted 


Gli bat opake Bodies become tranſparent by 
ay dWilling their Pores with a Subſtance nearly 
with; f the fame Denſity with that of their ſolid 


Parts: As when Paper is made wet with 
ater or Oil; when Linen Cloth is dipped 


ton | 
t wil 


1 ann Water, oiled, or varniſhed, or the Oculus 
ay Mundi Stone ſteeped. in Water. Beſides, as 
Pulling the Pores of an opake Body renders 


de, it tranſparent, ſo on the other hand evacuat- 
y onWÞ"g the Pores of a Body that is tranſparent, or 
contiWeparating the Parts of it from one another, 
withWnakes it opake; as Salt or wet Paper by 
n oufÞcing dried, and Glaſs by being powder'd, 
ienthloſe their Tranſparency, or Water beat up 
| Panto Froth. 

ime i Beſides which Inſtances, abundance more 
ſmalſimight be brought in Confirmation of what 
zthinWs here laid down; but theſe are ſufficient. 
yak} But becauſe it may be Matter of Surprize, 
com that Bodies ſhould be ſufficiently porous to 
at theFtranſmit Light in that plenty we obſerve they 
Pore I do, 
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do, and yet be hard or ſolid; I ſhall ca 
clude the. Subject of this Chapter and of ti 
Doctrine of Light and Colours, with  ſhewin 
the Conſiſtency of ſuch a. Suppoſition. þ 
order to which, let us imagine a Body who 
conſtituent Particles are of ſuch a For 
that, when laid together, the Vacancies be. 
tween them may be equal in Bigneſs to 
Particles; how this may be done, and ye 
the Body be hard, is eaſy to comprehen! 
Now the ſolid Parts of a Body thus formel 
will be but half its Bulk; and if we ſuppot 
each conſtituent Particle of this Body to 
formed of leſs Particles with Vacuities bet wen 
them, equal to each Particle as before, th 
ſolid Parts of this Body will then be but 
fourth Part of its Bulk; and if each of the 
lefler Particles again be formed in the ſam 
Manner, the ſolid Parts of the Body ſhall b. 
but one Eighth of its Bulk: and thus if the 
Compoſition be continued according to tht 
ſame Rule, the ſolid Parts of the Body ma 
be made to bear as ſmall a Proportion 1 
its whole Magnitude as ſhall be deſired, not: 
withſtanding which, the Body, by means d 
the Contiguity of the Parts, thall be capable 
of being hard in any Degree. Thus, Matter be. 
being infinitely diviſible, any of the leaſt Ports 


on of it may be ſuppoſed to be wrought into 
Body of any deſigned Dimenſions how great 


toever, and yet the Pores of that Body none 0 
them 
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hem greater than the ſmalleſt Magnitude 
ropoſed at Pleaſure ; and yet the Parts of the 
Body ſhall ſo touch, that the Body itſelf ſhall 
hard or ſolid. Which ſhews that the whole 
lobe of Earth, nay, all the known Bodies 
f the Univerſe, for any thing that appears to 
s to the contrary, may be compoſed of no 
greater Quantity of Matter than what might 
reduced into a Globe of an Inch Diameter, 
r into a NH bell. 


DIS. 
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DISSERTATION II. whi 
Of the Cauſe of Reflection of Light 


T II E Opinions of Philoſophers relating t 
the Cable of this difficult Phaenomen, 
are principally four, which I ſhall here * 
down and examine particularly; after which 
I ſhall give my own Thoughts, concerning it 

_ 

| It was the Opinion of Philoſophers be. wo 
Gore! Sir Jaac Newton diſcovered the contrar, 
that Light is reflected by | impinging upon the 
ſolid Parts of Bodies; but that it is not 
is clcar from the following Reaſons. 

And firſt, it is not reflected at the firſt Sur: 
face of a Body by impinging againſt it. 

For it is evident, that in order to the du 
and regular Reflection of Light, that is, that 
the retlected Rays ſhould not be diſperſs 
and ſcattered one from another, there ougl! 
to be no Raſures or Uneveneſs in the reflectin: 
Surface large enough to bear a ſenſible Pro- 
portion to che M. agnitude of a Ray of Light: 
becauſe if the Surface abounds with ſuch, the 
reflected Rays will rather be ſcattered like! 
Parcel of Pebbles thrown upon a rough Pave 
ment, than reflected with that. Regularit 
with which Light is obſerved to be from 1 

* wel 


pingi 
he 8 
lent, 
it th 
here 
ore 
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well poliſhed Surface. Now thoſe Surfaces 
which to our Senſes appear perfectly ſmooth 
nd well poliſhed, are far from being fo; for 
to poliſh is no other than to grind off the 
larger Eminences and Protuberances of the Me- 
al with the rough and ſharp Particles of 


ght 


und, Emery, or Putty, which muſt of Ne- 
4 efiity leave behind them an Infinity of Ra- 
qd ures and Scratches, which though inconſide- 


Table with regard to the former Roughnetles, 
ind too minute to be diſcerned by us, muſt 
jevertheleſs bear a large Proportion to, if not 
vaſtly exceed the Magnitude of the Particles 
t Light, 
Secondly, it is not reflected at the ſecond 
urface, by impinging againſt any ſolid Particles. 
That it is not reflected by impinging upon 
he ſolid Particles which conſtitute this ſecond 
urtace, is ſufficiently clear from the foregoing 
argument; the ſecond Surfaces of Bodies being 
5 uncapable of a perfect Poliſh as the firſt; and 
Wt is farther confirmed from hence, v/z. that 
Ne Quantity of Light reflected differs according 
o the different Denſity of the Medium behind 
e Body: And that it is not reflected by im- 
> , einging upon the Particles which conſtitute 
the Surface of the Madium behind it, is evi- 
ent, becauſe the ſtrongeſt Reflection of all 
t the ſecond Surface of a Body, is when 
ere is a Vacuum behind it. This there- 
elde wants no farther Proof, (Sce the Man- 
| EI ner 
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vival at the lecond Surtace, is fuch, that the (1 
retiatted Angle ought 14 be a right owe; e 
when the Ray, were it not to return In Re * 
tlettion, ought 16 pals on parallel to the on 
lace, without going from it? For in loi; 
Cate it is evident, that it ought to be retusnee 
by this very Power, and in Rich Manner thu... 
the Angle of Reflection (hall be equal to th T 
Angle of Incidence ; juſt as a Stone thiowY, 1 
obliquely from the Latte, alter it is (6 mM 
turned) UL ot Tr Cute ly the Attracliu Mt 
of the Karth, as to begin d move horizon Wl | 
tally, or parallel to the Surtace of the Kathi 
is then by the fame Power made to CLE WY 
a Curve fhinilar ten that which it defiiboli ;; 
WWW Depariwe hom the Fanth, and ili 
lalls with the fame Degiee of ObliquitMch; 
that it Was thrown with, T* 

tut fecondly, as te the Reflection at thei 
ſecond Surtace, when It is partials an Mii 
tative Force %% (val over it, « Tl 
the Malntalners Of this Hypothefrs CONC V avi 
ie be, cal never tbe the Cale thered Bic ( 
fecanle, it is Wooncervalble that the flaw ty 
Fance, act TI thic lallie Cue umſlances w MY 
every Retpect, can Lunoctiuncs reflect the F ole Now 
Clause ays aun Lani the Red, ald al Wilha 
other kues vollect the Red and Wanlimit Hoi, 
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t Surface of a Nody, and reflecting Laglu 
ere; becanle une Nodies reflect the 7e 
al Wantinit the Red, others reflect the Red 
wotantmit the %% at their kent Burtace 
Wick cannot pottibly be upon this Mapp 
Hon, the Rays of whichever of thele Co 
vis Wo kappe to be the (trongelt, 

III. Nenne, being apprehentive of the Tati 
ney Of a repuliiveo ail attractive Force 
ited over the Vurtuces of ies and ating 
Willy, lin ve lp pooled, that by the Action 
J MIA won the Vurtaces of Hollies the 
latter Of tete enges bs put Into an ee 
Wory Motion, and that where the Surtace of 
e (ubliding, Light is trantinitted, and in 
lo Places where it is rifing, Light is ve- 
Led, Hut this fees not to advance 
One Jot farther; tor in thule Caſes, tup- 
Wilt wWhicio ed in reflected and Violet tant 
Wited, how comes i t6 pals that the Ked 
be only on thute Parts when the 
Vaves are wille, awl the et when they 
e Hale © 
IV. he next Hypothehs, that 1 (hall take 
Wale Of, bs that remarkable one of Bir Haas 
Newton's Pits of eafy Reflect and , 
e, Which 13 (hall now CXplatn and ex 
ie, 

That Author, as far as | can «Pt lena lis 
can TW this Partioular, d of Opinion, that 
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Light, in its Paſſage from the luminous Body, 
is diſpoſed, to be alternately reflefted by and 
tranſmitted through any refracting Surface it 
may meet with ; that theſe Diſpoſitions (which 
he calls Fits of eaſy Reflection and wj 
Tranſmiſſion) return ſucceſſively at equal Inter.| 
vals: and that they are communicated to it 
at its firſt Emiſſion out of the luminous Body 
it proceeds from, probably by ſome ver 
ſubtle and elaſtic Subſtance diffuſed through 
the Univerſe, and that in the following 
Manner. As Bodies falling into Wate; 
or paſſing through the Air cauſe Undulations 
in each, ſo the Rays of Light may excite 
Vibrations in this elaſtic Subſtance, The 
nickneſs of which Vibrations depending ot 
the Elaſticity of the Medium (as the Quick- 
neſs of the Vibrations in the Air, which pro- 
pagate Sound, depend ſolely on the Elaſticity 
of the Air, and not upon the Quicknels 0 
thoſe in the ſounding Body) the Motion d 
the Particles of it may be quicker than that 
of the Rays; and therefore when a Ray, at the 
Inſtant it impinges upon any Surface, is in 
that Part of a Vibration of this elaſtic Sub- 
ſtance which conſpires with its Motion, it may 
be eaſily tranſmitted, and when it is in that 
Part of a Vibration which is contrary to it 
Motion, it may be reflected. He farther ſup 
poles, that when Light falls upon the fir 
Surface of a Body, none is reflected there 
bu 


olou 
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but all that happens to it there is, that every 


day that is not in a Fit of eaſy Tranſmiſſion 
: thts put into one, ſo that when they come 
ug, the other Side (for this elaſtic Subſtance 
ea] afily pervading the Pores of Bodies, is 


zpable of the ſame Vibrations within the 


- Body as without it) the Rays of one Colour 
all be in a Fit of eaſy Tranſmiſſion, and 
"Whoſe of another in a Fit of eaſy Reflection, 


xccording to the Thickneſs of the Body, the 
ntervals of the Fits being different in Rays 
pf a different Kind. This very well accounts 
or the different Colours of the Bubble and 
hin Plate of Air and Water (mention'd in 
hap. X11.) as is obvious enough; and like- 
5 1 riſe for the Reflection of Light at the ſecond 
Ack: arface of a thicker Body; for the Light re- 
lected from thence is alſo obſerved to be 
oloured, and to form Rings according to the 
Witerent Thickneſs of the Body, when not 
ntermix'd and confounded with other Light, 
will appear from the following Experiment. 
- "WW a Piece of Glaſs be ground concave on 
1s "ne Side and convex on the other, both its 
"WConcavity and Convexity having one com- 
on Center, and if a Ray of Light be made 
0 paſs through a ſmall Hole in a Piece of 
Paper held in that common Center, and be 
Wecrmitted to fall on the Glaſs; beſides thoſe 
Ways which are regularly reflected back to 
de Hole again, there will be others reflected 


. to 
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to the Paper, and form coloured Rings ſur. 
rounding the Hole, not unlike theſe occy 
ſioned by the Reflection of Light frem thi 
Plates. The fame will happen if the Rays b 
reflected from a metalline Speculum, but th 
Light will not be coloured ; which ſhews thy 
the Colours ariſe from that Light which is 
flected from the Back-ſide, and that in th 
following Manner: Beſide that Light which! 
regularly reflected from the farther Surface d 
the Glaſs, there is ſome reflected irregulath 
which paſſing from the back Surface unde 
different Obliquities, does as it were pak 
through Glaſſes of different Thickneſſes, au 
tenths is in part reflected back again whe 
it comes to the firſt Surface, and is in pat 
tranſmitted through it, the tranſmitted Ligh 
when received upon the white Paper exhibiting 
the Rings of Colours abovementioned o. 
As to the Light which is ſuppoſed t 
be reflected at the firſt Surface, hh 
Opinion ſeems to be, that it is not thi 
reflected, as J obſerved above, but that i 
really enters the Surface, and is refled 
from the Back- ſide of the firſt Series of Pu 
ticles that lie therein; ſo that according 
theſe Particles are larger or ſmaller, the Ray 
of Light which at their Entrance into then 


o This Experiment ſucceeds better, when the Back-part of 
Glaſs is Quick-ſilver'd over. | 
(f 
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for they are tranſparent, whether the Body 
hey compole be ſo or not, See Page 154) 
e thereby put into Fits of eaſy Tranſmiſſion ; 
t their Emerſon at the other Side are ſome 
a Fit of eaſy Tranſmiſſion, others in a Fit 
f eaſy Reflection, according as the Interval of 
heir Fits are large or ſmall. So that the 
particles of a Body may be of ſuch a Size 
hat they ſhall reflect the Red and tranſmit 
he Violet; or that they may reflect the Violet 
nd tranſmit the Red; or, in general, that 
he ſtrongeſt and moſt forcible Rays may be 
Jrinſmitted, while the weaker are reflected; 
Dr the weaker may be tranſmitted, while the 
ronger are reflected. 


Thus I have endeavour'd to clear up the 
\ccount Sir IsAAc NEwToON has left us of 
is own Sentiments concerning this Matter, 
Wat after all, I cannot ſay, that I think his 
Wolution the true one. It is tog much clog- 
Weed with Suppoſitions ; neither is it conſonant 
Wo that Simplicity, Uniformity, and Regularity, 
ith which Nature is every where obſerved 
oat, The Time will come, when the Prin- 
ciples of Attraction and Repulſion will be found 
W:lone ſufficient to account for this perplexing 
Phenomenon, Would any one that has a 
Genius for a Work of this Kind, and Oppor- 
tunifty to make the neceſſary Experiments, 
flume thoſe Sir aac Newton has left, and 
(f Q 2 add 
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add others, as his Judgment ſhould dite 
him; he would ſoon be able to give us 
eaſy and ſimple a Solution of the Reflectin 
of Light, as we already have of any othe 
Phenomenon whatever. P 


p Perhaps it may be of Service to one that ſhall undertake 
this, to acquaint him of a Fact relating to this Matter, which 
every Philoſopher is not appriſed of, viz. That a Piece of Im 
when heated, aſſumes all the Colours of the Rainbow before i 
becomes red hot, 
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DISSERTATION III. 
Of Microſcopes and Teleſcopes. 


HAT the Teleſcope is of modern In- 
| vention 1s moſt certain ; neither does it 
ppear that Microſcopes or Optic Glaſſes 
f any Kind were known to the Ancients, 
ough there are two Paſſages brought to ſhew 
at ſuch Glaſſes were of Uſe among them. 
he one is quoted by Pancirollus from Plau- 
us, Cedo Vitrum, neceſſe eſt Conſpicillo ati; 
e other. is taken from Pliny, C. Fulius Me- 
cus, dum inungit Specillum, c. The for- 
er of theſe Quotations is a Fiction, no ſuch 
aflage being to be found in the Writings 
f Plautus 4; and the Word Specillum in 
Pliny is not to be underſtood of an Op- 
c. glaſs of any Kind, but of a Probe or other 
nſtrument made, uſe of by the Surgeons f 
at Time 7, 

It is contended, that Alexander de Spina, 
Native of P:/a, was the firſt that made 
he Uſe of Glaſſes known to the World ; 
ut our Countryman, Frier Bacon, who died 
Ine and twenty Years before him , was, in 


q Vid. Lettere Memorabili del Abbate Michele Giuſtiani. 
3 Let. 16. 186 
See Molineux's Dioptrics, Part II. Ch. 6. 
ER- lu the Year 1292. 


all 
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all Probability, acquainted with them firſt 
for he wrote a book of Perſpechive, in which 
he plainly ſhews that he did not only un. 
derſtand the Nature of convex and cone 
Glaſſes, but the Uſe of them when combine 
in Teleſcopes * ; though he no where in thy 
Treatiſe diſcovers the Manner in which the 
are to be put together. 

The Teleſcope with the concave Eye-gl 
was firſt invented by a Mechanic of Mz. 
dleburg in Zeland, called Z. Fohannides, abou 
the Year 1590, though J. Lipperboy, anoiht 
Dutchman, is Candidate for the ſame Diſc 
very a. From whence, this Sort of Teleſc ew. 


is called Tubus Batavus x. gn 
Pranciſtus Fontana, a Neapolitan, co Ar 


tends, that he was the firſt Contriver of th 
Teleſcope compoſed of two convex Glaſſa 
which is now the common aftronomical T 
leſcope ; and Rheita pretends to be the ff 
that rendered that Teleſcope fit for terreſtii 
Uſes, by adding two Eye-glaſſes to it =. TI 
Kind of Teleſcope is called diaptrical. Piſtat 
at 1 

* See his Perſpective, Part III. and his Epiftola ad Parifien/aWarall, 

p. 5. 

u Via Boreilus de vero Teleſcopii Inventore. 

x This is by ſome called Gallles's Teleſcope, as invented WlF-IſCU! 
him; but Galileo acknowledges, that it was upon hearing ti 
the Dutchman had contrived one, that he effected his. 

y See his Ob/ervationes cœliſtium terreſtriumgi Rerum. 


2 Ocul Enoch & Elie. Lib. IV. Hiſt. Acad. Reg. Lib. 
Se. 1. Cap. 7. 7 
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The Catadioptrical or reſſecting Teleſcope 
vas invented by Sir Tſaac Newton; of which 
e ſhall give a particular Deſcription when 


e have explained the former Sort, and ſhewn 
he Defects of them. 


Microſcopes are of two Kinds, Simple and 
ompound. The firſt Sort conſiſts of one 
las; the other of two or more. 


The Simple Microſcope is no other than 
convex Lens, through which, as we have 
ewn (Chap. vii. Prop. 3.) Objects appear 
gnified. 
An Object ſeen through this Microſcope 
Wopears magnified nearly in that Proportion 
hich the Diſtance, at which an Object would 
e ſeen diſtinctly with the naked Eye, bears 
the focal Diſtance of the Microſcope. 
Thus, let AB (Fig. 73.) repreſent the Mi- 
Mroſcope, CD an Object placed at the focal 
Diſtance of parallel Rays, or ſomething nearer, 
at the Rays of the ſame Pencil may be 
arallel to each other, or rather diverging in a 
mall Degree, when they enter the Eye (this 
ircumſtance being requiſite to diſtinct Vi- 
on:) And let the Microſcope be ſo ſmall, 
hat all the Rays that 54 through it from 
e Object may enter the Pupil of the Eye 
F at the ſame time, when placed cloſe to it 
I as 
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as in the Figure (for, unleſs it be ſo ſmall, it yi 
ſcarce magnify ſufficiently to obtain the Nany 
of a Microſcope.) Things being thus diſpoſe 
the Angle under which this Object appez 
will be GIH, or CID; but this is nearly th 
ſame it would have appeared under, h 
there been no Microſcope interpoſed ®, Ny 
withſtanding which, the Object is prope 
enough ſaid to appear magnified by this M 
croſcope, becauſe, without that, it could: n 
have been ſeen diſtinctly at ſo ſmall a Di 
tance from the Eye, but muſt have be 
ſituated _ or ten Inches from it;: 

therefore, ſince Objects appear under a lam 
Angle the nearer they are to the naked EN 
this Object appears larger, or is magnified h 
means of the Microſcope, in Proportion as! 
is ſeen diſtinctly at a leſs Diſtance with | 
than without it; that is, nearly as the fo 
Diſtance of the Microſcope is to that 
which Objects are ſeen diſtinctly with th 
naked Eye b. 

a For had there been no Microſcope interpoſed, the Any! 
CID would have been in the Middle * Pupil (See the Nc 
in Page 61.) and therefore ſomething leſs, as being fartle 
from the Object; but this is an accidental Circumſtance depen 
ing on the Thickneſs of the Lens, and its Diſtance from d 
Center of the Pupil, and therefore not conſidered in the Theor 

b An Object will alſo appear diſtin though it be ſituan 
at a very ſmall Diſtance from the Eye, by being viewed ti 
a ſmall Hole in a piece of Paper, the Reaſon of which was 
plained in Note Page 64. But then this Hole muſt be made 


very ſmall, that, unleſs the Object be ſtrongly illuminated, 
will appcar very obſcurely through it. Ti 
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The Form of a Compound Microſcope is 
xpreſſed in the 74th Figure, where AB re- 
rteſents a ſmall convex Lens, whoſe focal 
Diſtance 1s ſuch, that Rays flowing from the 
Point C may be collected in D; and EF is 
larger Lens whoſe Focus of parallel Rays 
oincides with the Point D; and FG repre- 
ents an Eye ſo ſituated that Rays proceediny 
rom an Object at KL may enter the Pupil 
ff it, after having paſſed through both Glaſſes. 
hings being diſpoſed in this Manner, the Ob- 
ct KL will appear magnified and alſo dif- 
inf, 

For firſt, let RCS repreſent a Pencil of 
Rays flowing from the Point C, theſe will 
meet their Axis again in the Point D by 
zuppoſition, and croſſing there will enter the 
ens EF diverging from its Focus of parallel 
Ways, and will therefore enter the Pupil of 
he Eye in Directions parallel to each 
cher, and concur upon the Retina at Q; 

he Object will therefore appear diſtinct. | 

Secondly, A Pencil of Rays flowing from 
Wanother Point of the Object, as L, will meet 
heir Axis in M, and diverging from thence 
ill, after being refracted by the Lens EF, 
ecome parallel with reſpect to each other; 
but with reſpe& to the former they will 
averge, becauſe with regard to them, they 
liverged before they paſſed through the Lens 
rr from I, a Point more diſtant than its 
R Focus 
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Focus of parallel Rays. They will conk 
quently croſs them at ſome Diſtance from i 
ſuppoſe at H, where the Pupil of an Ex 
being placed to receive them, the Point L wi 
be repreſented at O. And for the like Reaſq 
the Point K being repreſented at P, the Ober 
will be ſeen under the Angle PHO or EH; 
which, as will be demonſtrated in Note ( 
is much larger than that under which 1 
would have appeared to the naked Eye e. 

That Glaſs AB, which is ſituated next th 
Object, is called the Ohyef-glaſs; that whid 
is placed next the Eye, the Eye-glaſs d. 

The Proportion of magnifying, in a Micr. 
ſcope of this Kind, is nearly in a Rat 
' compounded of the Proportion which th 
Diſtance of the Image from the Objed 
glaſs bears to its Diſtance from the Eye-glak 
and of that which the Diſtance of the 00 


© It may be remarked here, that when we view an OH 
through an Inſtrument of this Kind, we are then in realinWiewe 
looking at the Image of that Cbject through a ſingle Micworme 
ſcope. Thus, it is MN the Image of the Sthel KL, forme! the 
by the Concurrence of the Rays of each Pencil in their reſpe&i o Ct 
Foci, which we ſee through the Lens or ſingle Microſcope EF, 
ſo that the Addition of the Glaſs AB is only that we may hard 9 
an Image of the Object to look at, larger than the Object itſelf. Nr © 


4 In ſome Microſcopes there is a third Glaſs placed betuteſ 0 te 
the Obj-& glaſs and the Image, and is called a Midale glas C 
This is placed there only to bring the Rays to a Fus the foone! Ratio 
in order that the Image may fall nearer the Obje&t-glaſs chan Dt 
otherwiſe would do. diet 


10 
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conſe ect from the Eye bears to its Diſtance from 
om i he Object-glaſs e. 
N EN R 2 After 


e Lemma. Let EF (in Fig. 75.) be a Lens, whoſe Focus of pa- 
allel Rays is D ; and let Rays flowing from the Point | be col- 
ftedin H ; I fay, that if X be the middle of the Lens, IX will 
de to XII, as ID to DX. 

Demonſtration of the Lemma. On D the Focus of parallel Rays 
ect the Perpendicular DM ; and let IE be an] ork ron and EH 
refraſted Ray: then whereas Rays flowing from D, and paſ- 
ig through the Lens, would after Refration be parallel to each 
her and to DX, a Line drawn from thence through the Atidd!e 
pf the Lens ; Rays flowing from MM and paſling through the Lens, 
ill alſo be refracted into Lines parallel to themſelves, and con- 
equently to MX that which paſſes through the Middle of the 
n: conſequently EH is parallel to MX ; the Triangles there- 


Hic IMX and IEH are ſimilar; and therefore IM is to ME as 

IX to XH : but IM is to ME alſo as ID to DX, the Triangles 

Rat ud and IEX being alſo fimilar ; IX is therefore to XH as 1D 
h o DX. QE. D. 

Demonſtration of the Propefition. To avoid the Confuſion which 


night ariſe from the Multiplicity of Lines in the 74th Figure, let 
ly CXH and LEH, wiz, the Axes of the Rays which proceed 
wm the Points C and L, be repretented as in Fig. 75, and 
aw the Line LH, then will CHL be the Angle under which 
af the Object would be ſeen by the naked Eye at H; bat 


n Obe is the Angle under which the ſame Halt appears when 
n realinMiewed through the Miſcroſcope. Now this Angle is to the 
» Mien mer in a Ratio compounded of the Angle EHX to EIX, and 
formel the fame EIX, or (which is equal to it becauſe vertical) CIL 
[eſpedinſtÞ CHL ; becauſe the Ratio that ay tuo Quantities bear to each 
ope Ee, i. . of the Ratio wwhich the firſt bears to any other, 

md of the Ratio *which that other bears to the ſecond. But the 


ut of theſe Ratio's, wiz. EHX to EIX, is as IX to XH, or 
which, as demonſtrated in the Lemma, is the ſame thing as 
between to DX; that is, as the Diſtance of the Image from the 
Dbjedi-glaſs to its Diſtance from the Eye-glaſs: and the other 
Ratio, wiz. CIL to CHL, is as CH to CI, that is, as the 
Vitance of the Object from the Eye to its Diſtance f.om the 
hjet-glaſs. Therefore, &c, Q. E. D. 


But 
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After what has been ſaid concerning | 
Structure of the Compound Microſcope, 2 
the Manner in which the Rays paſs throy 
it to the Eye, the Nature of the com 
aftrenomical Teleſcope will eaſily be unde 
ſtood, for it differs from the Microſcope d 
in that the Object is placed at ſo great a[) 
"tance from it, that the Rays of the ſa 
Pencil, flowing from thence, may be conſice 
as falling parallel to one another upon 
Object-glaſs; and therefore, the Image m 
by that Glaſs is looked upon as coincide 
with its Focus of parallel Rays. 

The 76th Figure will render this very plu 
in which ABC is the Object emitting t 
ſeveral Pencils of Rays ADF, BDF, &c. h 
ſuppoſed to be at ſo great a Diſtance fra 
the Object-glaſs DF, that the Rays of f 
fame Pencil may be conſidered as parallel! 
each other, they are therefore ſuppoſed to 


But it is proper to compare the Angle EHX with that « 
der which the Objedt wouid appear to the naked Eye at al 
tance proper for diſtin Viſion ; becauſe when a Perſon vi 
an Object by the Help of a Microſcope, he is often obliged 
place his Eye at a Þiftance trom the Object, very differ 
from that at which he would choole to place it, were he to la 
at it wich the naked Eye; and then, initead of the Diſtance 
the Object from the Eye in the foregoing Propoſition, we m 
ſubſtitute the Diſtance of diſtinct Viton; in which Caſe it w 
Rand thus: The Proportion of magnifying is nearly in a Ra 
compounded of the Proportion which the Diſtance of the Ima 
from the Objc&t-glaſs bears to its Diſtance from the Eye-glak 
an} of that which the Diſtance of ciſtint Viſion bears to ti 
Dittance of the Object from the ObjeQ-vlafs, 

collecte 
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olected into their reſpective Foc! at the 
oints G, N, I, ſituated at the focal Diſtance 
the Object-glaſs DF. Here they form an 
age, and croſſing each other proceed di- 
Wroing to the Eye-glaſs KM; which being 
ced at its own focal Diſtance from the 
Woints G, H, I, the Rays of each Pencil, after 
Wing through that Glaſs, will become paral- 
among themſelves, but the Pencils themſelves 
Will converge conſiderably with reſpect to 
De another, even ſo as to croſs at P, very 
Wile farther from the Glaſs KM than its Fo- 
; becauſe, when they entered the Glaſs, 
Weir Axes were almoſt parallel, as coming 
rough the Object-glaſs at the Point E, to 
Fhoſe Diſtance the Breadth of the Eye-glaſs 
M in a long Teleſcope bears very ſmall 
roportion, So that the Place of the Eye 
ill be nearly at the focal Diſtance of the 
ye-glaſs, and the Rays of each reſpective 
encil being parallel among themſelves, and 
geir Axes croſſing each other in a larger 
ngle than they would do if the Object 
ere to be ſeen by the naked Eye, as we 
all demonſtrate in the Notes, Viſion will be 
in, and the Object will appear magnified. 
The Power of magnifying in this Teleſcope 
as the focal Length of the Object-glaſs to 
e focal Length of the Eye-glaſs f. 


ow 


It 


f Dem. In order to prove this, we may conſider the Angle 
EC as that urder which the Object would be ſeen by the 
naked 
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llected into their reſpective Foci at the 
oints G, N, I, fituated at the focal Diſtance 
the Object-glaſs DF. Here they form an 
Vage, and croſſing each other proceed di- 
ging to the Eye-glaſs KM; which being 
aced at its own focal Diſtance from the 
Points G, H, I, the Rays of each Pencil, after 
fung through that Glaſs, will become paral- 
1 among themſelves, but the Pencils themſelves 
Will converge conſiderably with reſpect to 
nc another, even ſo as to croſs at P, very 
tle farther from the Glaſs KM than its Fo- 
FF; becauſe, when they entered the Glaſs, 
eeir Axes were almoſt parallel, as comi 
rough the Object-glaſs at the Point E, to 
Hhoſe Diſtance the Breadth of the Eye-glaſs 
M in a long Teleſcope bears very ſmall 
Proportion. So that the Place of the Eye 
7 ul be nearly at the focal Diſtance of the 
Fye-glaſs, and the Rays of each reſpective 
Pencil being parallel among themſelves, and 
Wcir Axes croſſing each other in a larger 
Wngle than they would do if the Object 
Pere to be ſeen by the naked Eye, as we 
all demonſtrate in the Notes, Viſion will be 
Vinct, and the Object will appear magnified. 
be Power of magnifying in this Tales 

as the focal Length of the Object-glaſs to 
e focal Length of the Eye-glaſs f. 


It 


f Dem. In order to prove this, we may conſider the Angle 


EC as that urder which the Object would be ſeen by the 
naked 
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It is evident from the Figure, that the 
fible Area, or Space which can be ſeen at on 
View when we look through this Teleſcoy 
depends on the Breadth of the Eye-glaſs, ay 
not of the Object-glaſs; for if the Eye-gly 
be too ſmall to receive the Rays GM, IK 
the Extremities of the Object could not hay 
been ſeen at all: a larger Breadth of the 0 
ject- glaſs conduces only to the rendering ea 
Point of the Image more luminous by n. 
ceiving a larger Pencil of Rays from 
Point of the Object. 

It is in this Teleſcope as was remarked of 
the compound Microſcope in the Note 
Page (174), that what we ſee, when we lod 
through it, is not the Object itſelf, but on 
an Image of it at GI: Now that Ima 

eing inverted with reſpect to the Ob 
as it is, becauſe the Axes of the Pencils tu 
flow from the Object croſs each other 
E, Objects ſeen through a Teleſcope of th 
Kind neceſſarily appear inverted. 


raked Eye; for in conſidering the Diſtance of the Object, tai, U 
Length of the Teleſcope EP may be omitted, as bearing u rale 
Proportion to it. Now the Angle, under which the Objed s Fo 
ſeen by means of the Teleſcope, is KPM, which is to the oth rm 2 
AEC, or its Equal KEM, as the Diſtance EL to LP, or whid 

is the ſame Thing by Lemma to the foregoing Note, as EH e fo 
HL. The Angle therefore, under which an Object appears i bje 
an Eye aſſiſted by a Teleſcope of this Kind, is to that unde 
which it would be ſeen without it, as the focal Length of d 
Object glaſs to the focal Length of the Eye-glaſs. dire 
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This is a Circumſtance not at all re- 
arded by Aſtronomers, but for viewing Ob- 
ds upon the Earth, it is convenient that 
e Teleſcope ſhould repreſent them in their 


008: tural Poſture; to which Uſe the Teleſcope 
* th three Eye-glaſſes, as repreſented Fig. 77. 


peculiarly adapted, and the Progreſs of the 
ays through it from the Object to the Eye 
as follows : 
AB is the Object ſending out the ſeveral 
encils ACD, BCD, &c. which, paſſing thro' 
e Object-glaſs CD, are collected into their 
pective Foci in EF, where they form an 
verted Image, from hence they proceed to 
e firſt Eye-glaſs HI, whoſe Focus being at 
W, the Rays of each Pencil are rendered pa- 
19 !|cl among themſelves, and their Axes, which 
ere nearly parallel before, are made to con- 
rge and croſs each other at K: the ſecond 
ye-glaſs LM, being fo placed that its Focus 
all fall upon K, renders the Axis of the 
encils which diverge from thence parallel, 
d cauſes the Rays of each which were 
Jrallel among themſelves to meet again at 
Focus NO on the other Side, where they 
de orm a ſecond Image inverted with reſpect to 
e former, but direct with reſpect to the 
dect. Now this Image, being ſeen by the 
ye at XY through the Eye-glaſs QR, affords 
direct Repreſentation of the Object, and 
wy nder the ſame Angle that the firſt Image 
EF 
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EF would have appeared, had the Eye he 
placed at K, ſuppoſing the Eye-glaſſes to beg 
equal Convexity; and therefore the Obe 
is ſeen equally magnified in this, as in 4 
former Teleſcope, that is, as the focal Dj 
tance of the Object-glaſs to that of any a 
of the Eye-glaſſes, and appears ere. 

If a Teleſcope exceeds 20 Feet, it is oft 
Uſe in viewing Objects upon the Surface i 
the Earth; for if it magnifies above o or 1 
times, as thoſe of that Length uſually 6 
the Vapours, which continually float near 
Earth in great Plenty, will be ſo magnik 


as to render Viſion obſcure. 


The Teleſcope with the concave Eye-guifiſh cv 
is conſtructed as follows: onv 

AB (Fig. 78.) is an Object ſending fat fe 
the Pencils of Rays ADE, CDE, &c. wh d 
after paſſing through the Object-glaſs, Me- 
tend towards FG (where we will ſuppoſe titre: 
Focus of it to be) in order to form an uſWcthe 
verted Image there as before; but in te, 
Way to it are made to paſs through ü It 
concave Glaſs HI, ſo placed that its He 
may fall upon 8, and conſequently the Hope, 


of the ſeveral Pencils which were convergi 
towards thoſe reſpective focal Points F, 8, v 
will be rendered parallel among themſelv 
but the Axes of thoſe Pencils croſſing ca 
other at K, and diverging from then Th 
will be rendered more diverging, ſuppoſe Nope 
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he Directions LM, NO. Now theſe Rays 
entering the Pupil of an Eye, will form a 
arge and diſtinct Image PQ upon the Re- 
ina, which will be inverted with reſpect to 
he Object, becauſe the Axes of the Pencils 
roſs in K; and the Angle the Object will 
ppear under will be equal to that which the 
ines ML, ON, produced back through the 
ye-glaſs, form at X. N 
'Tis evident, that the leſs the Pupil of the 
ye is, the leſs is the viſible Area ſeen 
hrough a Teleſcope of this Kind; for a leſs 
Pupil would exclude ſuch Pencils as proceed 
rom the Extremities of the Object AB, as 
evident from the Figure. This is an In- 
onvenience that renders this Teleſcope un- 
t for many Uſes, and is only to be reme- 
y'd by the Teleſcope with the convex: 
ye-glaſſes, where the Rays which form the 
xtreme Parts of the Image are brought to- 
an Mether in order to enter the Pupil of the 
ye, as Explained above, 
It is apparent alſo, that the nearer the 
ye 1s placed to the Eye-glaſs of this Tele- 
pe, the larger is the Area ſeen through it; 
verge, being placed cloſe to the Glaſs, as in 
„8, Nie Figure, it admits Rays that come from 
nene and B, the Extremities of the Object, 
g ei ich it could not if it was placed farther off. 
then} The Degree of magnifying in this Tele- 
poſe Nope is in the ſame Proportion with that - 
| = the 
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the other, viz. as the focal Diſtance of the 
Object-glaſs is to the focal Diſtance of the ul 
Eye-glaſs. ; e 
For there is no other Difference but this act 
vis. that as the extreme Pencils in that Te. * 
leſcope were made to converge and form te 
Angle KPM (Fig. 76.) theſe are now made u 
diverge and form the Angle MXO (Fig. 738 © 
which Angles, if the concave Glaſs in one hy 
an equal refractive Power with the convex on _ 
in the other, will be equal, and therefore eat 


Di 


Kind will exhibit the Object magnified in t = 
ſame Degree, | = 


There is a Defect in all theſe Kinds Mee 


Teleſcopes, not to be remedied by any Men N. 
whatever, which was thought only to aff -:® 
. Tile from hence, viz. that ſpherical Glaſi _ 
do not collect Rays to one and the ſ — 
Point, as was obſerved (Chapter 111, | fan 


the Notes) but it was happily diſcover'd | 
Sir Jaac Newton, that the Imperfection . To! 
this Sort of Teleſcope, ſo far as it arch cor 
from the ſpherical Form of the Glaſſes, bei ne 
almoſt no Proportion to that which is owinfWy be t 
to the different Refrangibility of Light. Tu" of £ 
Diverſity in the Refraction of Rays is abo be th, 
a twenty-eighth Part of the Whole, ſo Hen b 
the Object-glaſs of a Teleſcope cannot coll, -* > 
the Rays which flow from any one Point in ii the 


Object into a leſs Room than the circular Spa W. 
whom 
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hoſe Diameter is about the fifty- ſixth Part of 
e Breadth of the Glaſs 8. Therefore, fince 
ach Point of the Object will be repreſented 
ſo large a Space, and the Centers of thoſe 
paces will- be contiguous, becauſe the Points 
the Object the Rays flow from are fo, 
s i evident that the Image of an Object made 
duch a Glaſs muſt be a moſt confuſed 
epreſentation, though it does not appear fo 
hen viewed through an Eye-glaſs that mag- 
hes in a moderate Degree; conſequently the 
degree of magnifying in the Eye-glaſs muſt 
ot be too great with reſpe& to that of the 
bject-glaſs, leſt the Confuſion become ſen- 
ble. 
Notwithſtanding this Imperfection, a di- 
trical Teleſcope may be made to magniſy 
any given Degree, provided it be of ſuf- 
ent Length; for the greater the focal 
ſtance of the Object-glaſs is, the leſs may 


ion Ne To ſhew this, let AB, Fig. 79, repreſent a convex Lens, and 

arg CDF be a Pencil of Rays flowing from the Point D, and let 
be the Point at which the leaſt refrangible Rays are collected 
a Focus, and I, that where the moſt refrangible concur ; then, 
H be the twenty-eighth Part of EH, IK will be a proportionable 
t of EC (the Triangle HIK and HEC being fmilar ;) Con- 
cently LK will be the twenty-eighth Part of FC. But MN 
S Abo be the leaſt Space into which the Rays will be collected, as 


ſo tiers by their. Progreſs repreſented in the Figure. Now 
; vali N 1s but about half of KL, and therefore it is but about the 
vo ich Part of CF, ſo that the Diameter of the Space, into 
t in Vick the Rays are collected, will be about the ſiſty- ſixth Part 
ar Spa the Breadth of that Part of the Glaſs through which the Rays 


Which was to be ſhewn. 


wht 8 2 be 
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be the Proportion which the focal Diſtance 
of the Eyc-glaſs may bear to that of th 
Object-glaſs, without rendering the Image ob. 
ſcure. Thus, an Object-glaſs, whoſe foci 
Diſtance is about four Feet, will admit d 
an Eye-glaſs whoſe focal Diſtance ſhall be 
little more than one Inch, and conſequenth 
will magnify almoſt forty-eight times: but 
an Object-glaſs of forty Foot Focus will ad. 
mit of an Eye-glaſs of only four Inch Focus 
and will therefore magnify 120 times; and 


an Object-glaſs of an hundred Foot Fu pl 

will admit of an Eye-glaſs of little mo Ales 
than fix Inch Focus, and will therefore mag Hiſta 
nify almoſt 200 times h, from 

” But epre 

h The Reaſon of this Diſproportion in their ſeveral Degre reaC 

of magnifying is to be explained in the following Mante gu 


Since the Diameters of the Spaces, into which Rays flowing fro 
the ſeveral Points of an Object are collected, are as the Bread! 
of the Object glaſs, it is evident that the Degree of Confuſed 
neſs in the Image is as the Breadth of that Glaſs (for d 
Degree of Confuſedneſs will only be as the Diameter 
Breadths of thoſe Spaces, and not as the Spaces themſelve 
Now the focal Length of the Eye-glaſs, that is, its Power ( 
magnifying, muſt be as that Degree; for, if it exceeds it, 
will render the Confuſedneſs ſenhble ; and therefore it mul ! 
as the Breadth or Diameter of the Obje&-glaſs, The Di 
meter of the ObjeQ-glaſs, which is as the Square Root of beg 
Aperture or Magnitude, muſt be as the ſquare Root of f 


Power; of magnifying in the 'ieleſcope, for unleſs the Apertt do 
uſclf be as the Powe® of magnifying, the Image will wat 10 5 
Light; the ſquare Root of the Power of magnity ing will! Leng 


as the ſquare Root of the focal Diſtance of the Object-glaſs ; 1 eee 


than { 
colour 


therefore the focal Diſtance of the Lye-glaſs muſt be only 28 
ſquare Root of that of the ObjeE-glats, So that in maki 
Lie of an Object: glaſs of a longer Focus, ſuppoſe than one i 

; 
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tance But Teleſcopes of ſuch prodigious Length 
f the eing very incommodious and unfit for Prac- 
e ob. Nice, the catadioptrical or reflecting Teleſcope 
foals it is commonly called, invented by Sir 
nit e Newton, is infinitely preferable to them, 
ul bor one of theſe, ſix Feet in Length, ſhall 


uently 
: but 
Il ad. 
Focus, 
and 
Foru 
more 
mag 


agnify as much as one of the other of an 
undred. The Form of the Tube, and the 
Progreſs of the Rays through it, are as de- 
cribed in Figure the 8oth, where ABCD is 
he Tube, BC a concave reflecting Metal, EF 
| plain reflecting Metal fixed to the Tube by 
Means of the Stem HI. MN repreſents a 
iſtant Object emitting Pencils of Rays 
from each Point, two only of which are here 

BuWepreſented, and thoſe cut off before they 
wil reach the Metal, to prevent Confuſion in the 
Manie Figure. Now it is evident from what has 
ing rooWeen explained above (Chap. X. Propoſit. 3. 
* aſe 4.) that theſe Rays, were they not in- 
(for U tercepted' in their Way, would return after 
en Reflection at the concave Surface BC, and 


'ower form an inverted Image at OP, ſuppoſing 
eds it, 1 


8 Is given, you are not obliged to apply an Eye-glaſs of a 


proportionably longer Focus than what would ſuit the given 


15 7 ode glats, but ſuch a one only whoſe focal Diſtance ſhall 
* „Jeet the focal Diſtance of that which will ſuit the given Ob- 
1 jec-glaſs, as the ſquare Root of the focal Length of the Ob- 
ail 8 gel. glals, you make Ule of, is to the ſquare Root of the focal 
af „gh of the given one, And this is the Reaſon that longer 
5 * Teleſcopes are capable of magnifying in a greater Degree 
dk I. * ones, without rendering the Object confuſed or 
. Weoloured, 
one (It 


| that 


- 
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that to be the Place of the Focus of reflectei 
Rays. But in this Caſe the reflected Ray 
are intercepted in their Return to that Pla 
by the plain Metal, and are thereby throw 
ſide- ways, and, inſtead of forming the Imag 
OP, are made to form the Image O 
which, becauſe the Rays have as yet fit. 
fered no Refraction, is not liable to thelf 
Imperfection which ariſes from the differen 
f of the Rays of Light, nor u 
any other except what may ariſe from af 
imperfect Poliſh, or the Want of the Fo 
of one of the conic Sections in the Refledafi 
BC; and therefore may be viewed by aff 
Eye at T with a very ſmall Lens or Ef 
glaſs KL, without appearing either coloured. 
or confuſed. ; 

It being inconvenient to find the Objet 
with a Teleſcope of this Form, a ſmall d- 
optrical Teleſcope with two Hairs or Wir 
run through the Tube in the common Foa 
of the two Glaſſes, and croſſing each othai 
at right Angles, is generally fixed upon it 
in ſuch a Manner that the Axis of one Te 
leſcope ſhall be parallel to that of the other, 
ſo that when the Object appears in one 1 
the Interſection of the Hairs, the other my 
be duly poſited for viewing the ſame Ob- 
ject through its Side, 

But this Method of finding an Object i 


very incommodious for viewing terreſtrid 
Objects 
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viewing terreſtrial Objects, becauſe a Tu 
of this Kind, of two or three Feet in Leni 
will magnify ſufficiently for that Purpoſe, I 
If the Reader would ſee a particular H 
tory of the Invention of the — Sorts | 
reflecting Teleſcopes, he may conſult if 5 
Appendix to the laſt Edition of Cg 
Optics, where he will find a full Accu 
of it, together with the Letters that pak F 
between the Inventors themſelves upon 3 

Occaſion. And for ſuch Authors as have of 
plained the Nature of Microſcopes and Tf 
ſcopes in general, conſult Mr. Johnſon's Qui 


friones Philoſoph. Q. 34 & 35. 
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no 


DISSERTATION IV, 


bs Of the Rainbow. 
* ST © Efore the different Refrangibility of Light 

. ) was diſcovered, all Attempts to ac-— 
— bunt for the Appearance of the Rainbow 
oecd ineffectual; for it is no other than 


F 


pal 
e Diverſity of Refrangibility to which that 
aænomenon is to be aſcribed: as will ap- 
War from the following Explication of it ; 
which, becauſe it is a Phenomenon not 
Willy apprehended by Beginners, I hope to 
excuſed, if I am more than ordinarily 
articular, To begin then: 

The Rainbow is never ſeen, but when 
ze Sun ſhines upon Drops of Rain falling 
that Side of the Spectator which is oppoſite 
the Sun, 

To illuſtrate this, let A (Fig. 82.) repre- 
nt the Eye of a Spectator, and let B, C, D, E, 
2 a Series of Drops of Rain falling from 
Cloud, on which let the Sun be ſuppoſed 
d ſhine from the Parts about 8, Cc. then 
il there be exhibited the Appearance of 
Rainbow in the Cloud; and it will be 
drmed as follows. Let SB, SC, SD, &c. re- 
reſent the Sun's Rays, which (becauſe of 
he Sun's great Diſtance) we will ſuppoſe 
parallel; 
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parallel; and let the Ray SC fall upon Hh 
Drop C at the Point C: then will ſo ma 
of it as enters the Drop be refracted u 
wards the Perpendicular, and proceed « W* 
ſuppoſe to F, where Part of it will be tr. 
mitted, and Part reflected, ſuppoſe to 6 ill 
Of that which is reflected to G, ſome will d 
be there reflected and ſome tranſit! Made. 


that which is tranſmitted will, on accoun I * 
of the Diverſity of Refrangibility to wh 
Light is ſubject k, be ſeparated by Refram * 
and mede to exhibit the ſeveral priſnc:* 
Colours, viz. Red, Orange, Yellow, &c. A”* 
if the Red Light proceeds from the Drop »Mit** 
the Line GR, the Orange, ſuffering a great 0 
Degree of Refraction, will proceed in owl * 


ſituated above this, ſuppoſe in GO, and ti 
Yellow in GY, Cc. and the Violet in 0 80 
therefore, to an Eye placed any where 
the Line GR, the Drop C will exhibit a Rk 
Colour, that is, the Cloud will appear Red Þ 
that Place, To an Eye placed any wig 
in the Line GO, the tame Drop would «| ' 1 
hibit the Idea of Orange Colour, and ſo uf = 
through all the Colours of the Priſm. x 8 


Now, let us conſider the Paſſage of a Ri 


3 
1 
md 
— 


| le ; 

of Light through another Drop at a certai Y 
0 . . \. 
Diſtance below this, dig. the Drop D, Mon 

i See the Manner in which Light is reſleQed, Chap vis, -- ( 

k Sce Chap. x1, ne 


vhicd 
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hich let SD be the incident Ray. This 
WR ay, after having been refracted and reflected 
Ss the former was in the other Drop, will 
| erge ſeparated into the Rays HR, HO, HY, 
c. of which, if HR exhibits the Red, HO 
ill paint the Orange, HY the Tlow, &c. 
d HV the Violet Colour; and the Ray in- 
ent upon this Drop being parallel to that 
raich was incident upon the former, the 
iss, exhibiting the ſeveral Colours ſeparated 
„ this Drop, will be reſpectively parallel to 
ee Rays exhibiting the correſpondent Co- 
os ſeparated by means of the other Drop; 
Nat is to fay, the Ray HR, which exhibits 
d in this Drop, will be parallel to the Ray 
SR, which exhibits the ſame Colour in the 
ber Drop; and ſo of the other correſpond- 
Mz Colours. Conſequently the Rays HO, HY, 
gc. which exhibit Orange, Yellow, Sc. in 
eo Drop, will all converge towards GR, which 
hibits Red in the other: and therefore 
Ich of theſe would croſs that, if produced 
enough. Let then the Ray HV in the 
gure before us, which exhibits Violet in this 
op, be produced till it croſſes that which 
hibits Red in the other produced alſo, ſup- 
ac at the Point A where the Eye of the 
dectator is placed. To this Eye therefore, 
don this Suppoſition, will be repreſented in 
ze Cloud at the fame Time two of the 
ſnatic Colours, viz. Red and Violet, the 
| y Ned 
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Red above at G, and the Violet bel 
at H. But if we ſuppoſe the Eye play 
farther back, where a Ray, that exhibits x 
other Colour in the Drop D, would croſs th 
Ray GR, or which comes to the ſame Thin 
if we ſuppoſe the Drop D ſo much nearer 
the Drop C, that that Ray may enter the B 
along with the other at A; then would th 
Colour of that Ray be exhibited along wil 
the Red. For Inſtance, if the Drop D 
placed ſo much higher, that the Ray H 
which exhibits Orange, may croſs the hu 
GR at A, then to the Eye will be exhibit 
the Colours of Red and Orange; and if the 
be a third Drop below this, ſo placed th 
the 7e//ow proceeding from it ſhall enter tif 
Eye alſo at the ſame Time, then will thr 
of the priſmatic Colours appear to that Ef 
and ſo on for the other Colours, till the $ 
tuation of the Drop be ſuppoſed as lo 
as where the Drop D is, and then the Vi 
and moſt refrangible Light is tranſmitted 
the Eye; but from Drops below this, 
Colour 1s tranſmitted thither, all the Ra 
which iſſue from a lower Drop, as E, paſli 
below the Eye. And as thoſe Rays, whit 
paſs through the lower Drops, are too lot 
tor the Eye at A, fo thoſe which con 
from the higher ones, as B, are too hig 
as appears by Inſpection of the Figure; 
that there is nothing but total Darkneſs bol 
I | abo; 


2— „ „4«ͤͤ„%tEn- 
56 
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ove and below. Now fince the Colours of 
Je Rainbow are the ſame with thoſe of the 
riſm, it is evident, from what has been ſaid, 
at between the Points G and H, all the Co- 
urs of that beautiful Phenomenon will appear, 
ovided a ſufficient Number of Drops be ſup- - 
ed from the Cloud, to prevent any Hiatus or 
deficiency in the Light reflected by them. 

But we have hitherto facitly ſuppoſed, that 
he Rays SB, SC, SD, Cc. were all incident 
ith the ſame Degree of Obliquity upon the 
rface of each Drop (that is, that they enter- 
| at the fame Diſtance from that Point in the 
rface of each Drop which is neareſt the Sun) 
d that that Obliquity was certain and deter- 
inate : For Rays which enter the Drops with 
her Obliquities conduce nothing towards ex- 
biting the Colours of the Rainbow, and are 
ercfore to be looked upon as 7neffeual and 
gniſicant. The Truth of which we ſhall 
ow proceed to ſhew. After this, we ſhall be 
abled to explain the remaining Particulars 
lating to the Bow. 

Let then SA, SB, SC, &c. (Fig. 83.) re- 
reſent the Sun's Rays falling upon the Drop 
V, the firſt perpendicularly to the Surface of 
, the other with different Degrees of Obliqui- 
7, according to their different Diſtances from 
efrſt; and let the Point at which the two 
rſt, vig. SA and SB, would meet by means 
| that Refraction which the oblique one SB 


ſuffers 
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ſuffers in paſſing through the firſt Surface d 
the Drop, be H. Now it was remarked (Cha 
III. Obſervat. 2. in the Notes) that whe 
parallel Rays fall upon a convex Surface, thy 
nearer any one of the oblique ones is to thy 
which enters the Surface perpendicularly, th 
greater ſhall be the Diſtance at which it will 
meet the perpendicular one after Refraction a 
that Surface ; that is, in the preſent Caſe, thy 
the oblique incident Ray SB ſhall after Refrac. 


tion at B, (ſuppoſing it to paſs through the Un 
cond Surface of the Drop without Refraction|*)* © 
meet the perpendicular Ray SA produced at: N Y 
greater Diſtance than SC ſhall ; and SC (ha L up 


meet it at a greater than SD ſhall; 8D 
a greater than SE, &c, H then being ſuppoſe 
to be the Point where SB meets SA, let I ht 
that where SC, K that where SD, L that when 
SE, M that where SF would meet it, &: 
From whence we may obſerve, 

That the farther we take the Rays fro 
SA, the nearer are the Points which the rf 
fracted Rays fall upon the ſecond Surface 0 
the Drop ſituated at X, till we come to th 
Ray SD; after which, the farther we take the 
from SA, the farther the Points they fall upon. 
are from X. For Inſtance, the Ray SB fal dent 
upon N; SC upon O; SD upon P; but St 
does not fall beyond P, but upon O, and 8 
upon N, &c. So that upon every Point beloy 
P there arg two Rays incident; and the * 

then 
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em is ſuch as enters the Drop on one Side of 
p 


Ray SD, and the other on the other; and 
ue farther from it the one is on the one Side, 
th e farther the other is on the other; and alſo 
7 e farther they are from it, the farther the 
ot they meet at is from P. Thus SC and 
, meet at O, the Rays SB and SF at N, &c. 

2 he Uſe of which Obſervation we ſhall ſee by 

: Wi by. But let it be remembered, that I would 

7 2 underſtood here and in what follows of the 

un zys of one particular Colour only. | 

Þ Now it is remarkable, that when two Rays 
upon a Drop, and at their Entrance are fo 

"Wiacted, as to meet ina Point at the other 

race, and are from thence reflected to ſome 

her Part of the Surface, and there = out 

Wit; they ſhall after ſuch Emergency have the 

ne Inclination towards each other, that they 

before they entered the Drop. To explain 

s, let AB, CD, (Fig. 84.) repreſent two 

s incident upon the Drop BEF, and let them, 

er Refraction at B and D, meet at the Point 

fom whence being reflected, let them paſs 
tat Fand G, and be refracted into the Lines 
and GI; then whatever Inclination the 
dent Rays AB, CD, have to each other, the 
erging Rays FH and GI will have the ſame. 
auſe the Angles of Incidence and Reflection 
being equal, the Rays EF and EG will 
ie the ſame Inclination to each other, and to 
surface at Fand G, that the Rays EB and 
ED 
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ED have to each other, and to the Surface 
B and D. For if we conceive all theſe Ry 
to flow from the Point E as a Radiant, and B. 
DC, to be the refracted ones of the incident r 
EB, ED, as FH and GI are of EF and Eno 
it is evident, that under theſe Circumſtances, tþ 
Rays BA and CA will have the ſame Inclinaty 
to each other, that FG and HI have; but & 
Degree of Refraction is the ſame, whether Bl 
and ED, or ABand CD, be the incident Ray 
becauſe the refractive Power of the Drop isth 
ſame, whether the Rays paſs one Way, or er. 
other. The Propoſition therefore is true, 

From hence it follows, that the paralk 
Rays, SB, SF, (Fig. 83.) which after Refradtin 
meet at the ſame Point N, will if they a 
from thence reflected, ſuppoſe in the Lines N. 
NR, become parallel to each other, after the 
Emergency, ſuppoſe in the Lines QT, RV 
But their intermediate ones SC, SD, and $ 
which fall upon quite different Points at ti 
ſecond Surface of the Drop, and are fra 
thence reflected, will not do fo, but will god 
in Directions oblique to one onother and | 
them; and will therefore paſs on, not only 
different Way from them, but from one ant 
ther: So that the Rays QT and RV will! 
left to themſelves, being deprived of their i 
termediate ones, by which Means they 2 
rendered, as to all Intents and Purpoſes of M. 
ſion, entirely uſeleſs and 17fignificant, 


Agul 
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Again, the Rays SC and SE, which meet 
t the Point O, will alſo be parallel among 
hemſelves after their Emergency from the 
Drop, but their intermediate ones will paſs off 
oder Way, though not ſo obliquely, with 
ſpect to them and to one another, as thoſe 
the foregoing Caſe; becauſe the ſeveral 
Points they fall upon at the ſecond, Surface 
f the Drop, being ſituated between O and P, 
e nearer to each other, than the Points the 
termediate Rays fell upon, in the former Caſe, 
ere to N. 

But ſuch as are incident very near SD on 
ach Side of it, will with their intermediate 
es all fall upon, or at an inſenſible Diſtance 
om the Point P; ſo that theſe, after their 
mergency, will all paſs on parallel, or very 
early ſo, to each other; and therefore when, 
ey enter the Eye of a Spectator, though he 
at a conſiderable Diſtance, will affect him 
nfibly enough to excite the Idea of their 
wn Colour (for as was obſerved above, I 
deak now only of Rays of one Colour) which 
e other Rays conſidered in the forementioned 
es, for Want of their intermediate ones, were 


by 00 weak to do, however near the Situation of 
will e Eye might be, Theſe therefore are the 
heir Maly Rays that exhibit the Colours of the Bow, 
y nd are hence called in Contradiſtinction to ſuch 
renter at other Points of the Drops, that is, 


"ith other Obliquities, efefual or fignificant, 
” It 
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It was proper therefore, in the Explication 4. 
bove, to ſuppoſe none to enter the Drop, but 
theſe. As to the Degree of Obliquity with 
which Rays muſt fall upon the Drops to be. Vi! 
come effectual, the Method of finding tha 

will be ſhewn in the next Note. 
Since then the effectual Rays enter each 
Drop with the ſame Degree of Obliquity [ne 
ſtill mean ſuch Drops as exhibit the ſame Cin 
lour) the merging Rays muſt neceſſarily mae ou 
the ſame Angle with the incident ones in ever 
Drop. The Magnitude of which ſhall be 6 
termined in ti. Note below *, That is, t. Ae. 
Angle which ihe Ray SC (Fig, 8a.) makes with 
the emerging Ray GR which exhibits Reg, wil 
be the fame in all the Drops that exhibi 
that Colour, and ſo of the reſt, Let then th 
Luo 


We are here to determine the Angle, which an incic]A nd ! 
efficacious Ray of any Colour makes with the emerging Ray Wat b) 
the ſame Colour. In order to this, let AB, CD, (Fig. $4.) Where 
two Rays incident upon the Drop BG, and let them be reiratit 
to E. and after Reflection there, and a ſecond Refraction at FN 
G, let them emerge in the Lines FH and Gl, making with h 
incident ones the Angle AKI, which is the Angle to be den Ste 
mined. 

Let us call the Ratio, which the Sine of the Angle of Ji 
dence bears to that of the Angle of RefraQtion, I to R. I. port 
from the Center L to the Lines BK, BE, and DE, draw the Ln will 
LM, LN, and LO, reſpectively perpendicular, and with the | ſhal 
dius LO deſcribe the Arch OP, and draw the Line LB, and at by 
duce it to Q. Then will ABQ, or its Equal LBM, be Mad 
Angle of Incidence of the Ray AB, and LM its Sine: LBN v 
be the Angle of Refraction, and LN its Sine: Likewiſe LR. 


be the Sine of the Angle of Incidence of the other Ray CD, ö 
1 


x ( 

Co. 
make 
every 
e de. 
„ the 
With 
7, wil 
xhibi 
en the 


Lin 


incicen 
> Rayd 

84.) 
reſract 
at Fu 
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be dei 


of Inc 
. 
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pf a Cone whoſe 


terefore from the fifth, ſixth, 
uud ſeventh Steps, we have 


| 


N 


1 
2 


3 
4 


0 w ow 
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Line AI be ſuppoſed to be drawn from the 
dun through the Eye of the Spectator. 
ine, becauſe of the Sun's immenſe Diſtance, 
will be parallel to the Sun's Rays SB, SC, SD; 
ind therefore the Angle GAI which this Line 
zkes with any one of the emerging Rays, for 
nſtance GR, will be the ſame that the incident 
dne makes with it. Let us then imagine the 
Line AI fixed, and the Line AG to revolve 
ound it, always making the ſame Angle with 
t; then will the Line AG deſcribe the Surface 
Apex will be at A, and its 
{xis AT, and the Surface of this Cone will 
all Parts of it make the ſame Angle with 
e Sun's Rays, becauſe they are parallel to 

2 


+5 x $7504 
LR: LO: : I: R 
LOS LP 


LR: LP:: I: R 


LM—LR AMR 
LN-LPNP 


MR: NP:: I: R 


This 


one 


O the Sine of its Angle of Refraction. We ſhall therefore have 
or the firſt Step of the following Proceſs 
his Proportion, viz. 

nd for the ſecond 

But by Conſtruction 

Therefore from the 2d and 3d 


: , "Ja ſubſtract the two 
firſt Members of the fourth 
Step from the two firſt of 
the firſt Step reſpeRively, 
by which Means the Pro- 
portion between the Terms 
will not be deſlroyed, we 
ſhall have 

E by the Figure 


LM-LR: LN- LP:: I: R 


Parallel 
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one another, and to the Axis of the Cone, 
therefore Drops of Rain, whatever Part of thi 
Surface they paſs through in falling, will, in ie 
Inſtant of Time that they paſs through it, ſe 
a red Ray towards the Eye of the Spectator ; fir 4. 
is not neceſſary that the Drops ſhould be all x 
the ſame Diſtance from the Eye. In like ma. 
ner Drops of Water, paſſing through the Surſm 
of a lefler Cone made by the Revolution of th 
Line HV about the Line Al, will exhibit J. 
let; and fo for the intermediate Colours, 4 
that the Rainbow, were we to ſee it entin 
would be a compleat Circle having its Cen 
in the Line Al, and conſequently directly ot) 
poſite to the Sun with reſpect to the SpeCtatof 

Fi 


Parallel to BE draw the Line DX, and on the Lines DR 
DX let fall the Perpendiculars BT and BX, from the Point] 
Then, becauſe we ſuppoſe the Rays AB and CD z/fficacious one 
and therefore infinitely near one another, the little Triangles A tuft 8 
BXD, and NOP may be conſidered as right-lined ones, and th 
latter, viz. NOP may be alſo looked upon as right-angled atterefe 
Upon this Suppoſition, the Triangles BID and BLM will be P 
milar, for they are right-ang/ed at T and M; and the Angles Dl 
and MBL want each the ſame Angle TBL to make either of th 
right, they are therefore alſo equal, For the like Reaſon the TiWherefo 
angles DBX and BNL ate ſimilar, being right-angled at I « 
N, and wanting equally the Angle XBL to make their Angles at 
right ones, But to the Triangle BD the Triangle NPO is 
ſimilar, for they are right-argled at P and X, they have their Sid 
NP and BN parallel, as being each perpendicular to the — en w 
BE; and their Sides NO and BD are alſo parallel, becauſt i 
Points N and O, where the Perpendiculars LN and LO fall, m 


be in the Middle of the Lines BE and DE, Farther, ſince t 
Lines BE and DE are coincident at E, and the Points N and 
are in the Middle of each, BD is double of NO; and cont 

quent] 


0 is a 
their Su 


> 42 Deg 


ue Antecedents and Conſe- 


R, or which is the ſame 
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ye. The Reaſon that it does not appear ſuch, 
becauſe the Sun when the Rainbow is ſeen, 
in or above the Horizon, and therefore the 
enter of the Bow being oppoſite to it, is in 
r below it, on the other Side the Specta 
Since the Angle made by the Line SC with 


tor. 


thing, GR with AI 


rees and two Minutes, as determin- 
d in the Note, it's evident that when the Sun 
in the Horizon, the higheſt Point of the Bow 


42 Degrees and two Minutes above the Ho- 


ently, the Triangles NOP and 
able of NP. From all which we 
74 | 9 
0 10 
0 — theſe two toge- 

ther 8 

it by Conſtruction 

d, as was juſt now ſhewn, 
pſequently from the three 
aſt Ste 

it by — eighth 8 
derefore from the | 
nſequently from the four- 
teenth and ſixteenth Step 
it from the firſt Step 
derefore from the two laſt 
id by changing the Places 
of the mean 'Terms in the 
laſt Step 

by ſquaring each Term 
m whence by comparing 


vents with the Antece- 


ts we have 22 


rizon, 


BDX being ſimilar, BX is 
have the following Steps, 
BL : BM :: BD: BT 

BL: BN :: BD: BX 


BM : BN :: BT: BX 
BT —= MR 
BX = 2 NP 


BM: BN :: MR: 2NP 
I: R:: MR: NP 
I: z R:: MR: 2NP 


BM: BN :: I: 2 R 


LM: zLN:: I: 2 R 
BM : BN :: LM: 2 LN 


BM: IM ::BN:2IN 
BMq : LMq :: BNq: 4 LNq 


BV:q + LMq : BMq : : BNg 
Þ+ 4 LNq : BNq 


Bot 


= 
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rizon, for then the Line Al is el to it; A hic 


as the Sun riſes the Height of the Bow dim. 
niſhes, and with it the Portion that is viſible, t 
it is 42 Degrees and two Minutes high; af 
which the Bow appears no more, becauſe the 

the Point I is above 42 Degrees below it. 
The Phenomenon, we have been explaining 
conſtitutes what is called the primary or int 
rior Bow; there is alſo another exterior to th 
whoſe Colours are much more dilute and fan 
whd 


But becauſe the Triangle BML 
is right angled at M 23 | BMq+LMq=BLq 
And for the like Reaſon 
BNq + LNq is equal to 


BLq, therefore 24 | BNq+ 4 LNq=BLq+ dete 

| 3 LNq = 

Therefore from the three laſt ich | 

Steps 25 my i BMꝗ:: BL = 

; q 

But BLN being a right-angled d the 

Triangle 26 BNq=zBLq — LNq ge! 

Therefore from the two laſt mple 

Steps 27 rn aud 

Now becauſe BM is a right- BLq—LNq PK, « 
. angled Triangle 28] BLq= BMA T LM 4 be 
Therefore from the two laſt | 2 

Steps 29 | BLq : BMq :: BLq + 30806 5 
And ſubſtracting the two firſt BMq + LMq—LNq a 


Terms, viz. BLq and BMq 
out of the two laſt Terms 
reſpeQively, we have 30| BLq 2 : 3 LNq: 


But by the firſt Step 31] IM: LN :: I:R 

Therefore ſubſtituting Land R 
in the Room of LM and 
LN in the zoth Step, we 
have | 


3z] BLq: BMq :: 3Rq: I- 


* 


* 23 A 
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hich for that Reaſon is called the ſecondary Bow? | 
he Progreſs of the Rays of Light through the 
rops of Water, in forming thus, is as follows, 
Let A (Fig. 85.) repreſent the Eye of a 
xetator, SB and SC two of the Sun's Rays 
tering the Drops, as 2 in the Figure, 
d after being twice reflected in each Drop, 
r im. at D and D, let them paſs out, the one 
E, the other at F, by which Means they will 
ſeparated into their homogeneous Colours, 
e Violet and moſt refrangible Light being 


The Proportion therefore which the Sine of the Angle of In- 
lence bears to that of the Angle of Refraction, when Rays of 
particular Colour paſs out of Air into Water, _ — 
Proportion, which the Radius BL bears to BM, will be there- 
determined ; and therefore the Angle BLM, of which BM is 
Sine, will alſo be known, and therefore alſo the Angles LBM 
ich is equal to ABQ, the Degree of Obliquity wherewith t 
acicus Rays enter the Drop. But the Line BM being known, 
Line BN may be alſo had by the 17th Step, and therefore 
b the Angle BLN of which it is the Sine, and therefore the 
ole LBN too, or its Equal LEN 3; and therefore alſo the 
mplement of this laſt to two right ones, viz. KEB. If now 
ſubſtract the Angle LBN out of LBM, we gain the Angle 
K, and conſequently the third Angle in the Triangle EBK 
be from hence known, wiz. the Angle BEE. Now if we 
ble this, we have the Angle AKI, which was the Angle 
bt. | G 
92 if a Computation be made after this Manner with the Ratio 
108 to 81 (or which is the ſame thing) that of 4 to 3, for 
Red Rays, the Angle AKI (that is, the Angle G Al in Fig. 82,) 
U be found 42 Degrees and 2 Minutes; and if we uſe the Pro- 
nion of 109 to $1, which is the Proportion of Refraction in the 
alet coloured Light, the Angle AKI (or HAI in Fig. 82.) will 
40 Degrees 17 Minutes. And the Difference between theſe 
0 Angles (that is, the Angle GAH in Fig. 82.) will be the 
eadth of the Bow. 


conveyed 
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conveyed from the uppermoſt Drop to the Ew 
at A n the Line EV. while the Red, and lei 
refrangible, is carried from the lower one i 
the Line FR, and the intermediate Colom 
from the intermediate Drops: So that 
this Bow the Colours will be in an invert 
Order, with reſpe& to thoſe of the othe 
the Red being the innermoſt in this, whig 
was the outermoſt in that. The Colours in th 
will be more dilute than in that, becauſe H = 
Rays in this ſuffer two Reflections, in that by 
one; and the Angles, which the incident Ry 
in this make with the emerging ones, are lag 
than the like Angles in the other, as ſhall h 
determined in the next Note, viz. 50 Degre 
57 Minutes for the Red, and 54 Degrees 7 M r. 
nutes for the Violet; this Bow therefore is u . 
terior to, and encompaſſes the former. lion 

As to the Means by which Rays of L 
become efficacious in the Formation of this Bi arc 
it is exhibited in Figure 86. where AB, MAF 
repreſent two parallel Rays incident with ſu Due: 
Obliquity upon the Drop, that they ſhall cv e 
each other before they reach the other Sid," 
which that it is poſſible appears from what geg 
faid, with regard to the —— of the N= 


through the Drop XY in Figure 83. Let the 2 
then croſs in the Point E ſuch, that after N Now 
flection at F and G they may become parall 
ſuppoſe in the Lines FH and GI, then ira, . 
the Nature of the Circle it is plain, that affe 


Refic If no! 
med, 
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Reflection at H and 1 they will croſs again, 
1ppoſe at K, and after Refraction at V and W, 
ill become parallel as at firſt, And ſuch of 
heſe as alſo enter ſo very near one another, that 
heir intermediate ones may ſuffer the like Re- 
rations and Reflections with themſelves, will 
te the efficacious ones, and exhibit the Idea of 
heir own Colour, at a conſiderable Diſtance 
rom the Drop. What the Obliquity is with 
hich theſe muſt enter the Drops, and the 
Ingle the emerging ones of each particular 
olour will make with their incident ones, ſhall 
e determined in the Note below b. 

X Now 


b The Progreſs of the efficacious Rays through the Drop BH 
ig. 86.) being as explained above, it is evident, becauſe the 
Ingles of Incidence are every where equal to the Angles of Re- 
eftion, that the Lines BG, GI and IW are all equal, and 
cefore the Arches BG, GI, and IW are fo too; and likewiſe, 
hat the Lines DF, FH, and HV are equal, and therefore alfo 
te Arches DF, FH, and HV: It is alſo apparent. that the 
ich FG is equal to HI, therefore FG is half the Difference be- 
n the Arches FH and Gl, and conſequently it is half the 
Difference al ſo between the Arches FD and GB which are reſpec- 
rely equal to theſe. Now, the whole Difference between theſe 
Irches is what remains when FG is taken from BD, therefore 
he Remainder when FG is taken from BD is double of FG, 
nſequently FG itſelf is but one third Part of BD; for, if when 
Quantity is taken from another, the Remainder be double to 

he Quantity taken away, it is plain that ether muſt contain 
de Quantity taken away three times. 

Now the Rays AB and CD being fu infinitely near one 
other, the curvilineal Spaces BED, and FEG may be conſidec'd 
s ſimilar Triangles, and therefore EG is equal to a third Part of 
E, conſequently N (the Point where the Pexpendicular LN 
alls upon BG) being the middle Point of the Line BG, EN is 
qual to EG, and therefore alſo a third Part of EB, 

If now as in the 84th Figure, the Triangles BTD and BXD be 
med, as alſo the Triangle NOP, NO will be a third Part of 


206 Of the Rainbow. Part Ii 

Now if we imagine the Lines EA and Falþnd 
(Fig. 85.) to revolve about the Line AI when 
paſſes through the Eye of the Spectator and teliſi 1 
Center of the Sun as before, and always wi. 
make the ſame Angles with it at A, they vil 
deſcribe the Surface of two Cones, in the large 
of which will be ſituated the Drops that er 
hibit Violet, and in the lefler thoſe which 
exhibit Red. So that this Bow alſo, were 
to appear intire, would be a compleat Circ, 


put by 
i here 


Ind ſ. 
Ter 


Ter 


ut by 
There! 


BD, and NP a third Part of BX. Therefore reſuming the fu 


mer Proceſs at the 11th Step, we may proceed as follows, Nov 
Viz. 11] BM : BN :: BT: BX hich 
By Conſtruction 12} BT=MR i 
And by what was juſt obſerv'd [13] BX = NP on, 
Therefore from the three laſt & 
Steps 14] BM: BN :: MR: z NÞ ent 
Bat by the eighth Step ich I: R:: MR: NP * 
Therefore from the laſt 16 I: 3 R:: MR: 3 NF 1 * 
Conſequently from the 14th * 
and 16th Steps 17] BM: BN :: I: 3 R Nhe 
But by the firſt Step 18] IM:LN::I:R * 
Therefore from the laſt 19 LM: 3 LN: : I: 3 R IN 
Therefore from the 17th and 4 
19th 200 BM: BN ::LM:31IN 2 


Or by changing the Places of 
the mean Terms in the laſt 
Ste 21] BM: LM :: BN: 3 LN 

And — the Terms 22] BMꝗq: LMgq :: BNꝗ:9 LN 

Therefore by comparing the | 
Antecedents and Conſe- 


heir 81 


quents with theAntecedents, 
we have 23] BMq + LMq : BMq :: BN 
9g LNq : BNq 
But by the Figure 24] BMq + LMq = wy 
And | [q 


25] BNq + 9 LNq= 
| {| 83 £Nq 
Theretc 
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od the ſeveral Cones, through whoſe Surfaces 
v hich hcrefore from the three laſt | 26 or ho, : BLq + 8 LNq 
4 
id thy But by the Figure 27 BNꝗ = BLA LNq 
JS Wherefore from the two laſt | 28 17 : BMq : p BLq +8 LNq: 
l Wc} q 

wi but by the Figure 29 |BLq = BUq + LMq. 
arr erefore from the two laſt | 30|BLq : _ :: Blq + 8 
at ex . 
which Ind ſubſtracting the two firſt 5 
vere rerms out of the two laſt | 
ircle ! Terms, we have 31 [BLq - BM :: 8 LNq : LMq= 
= ' 3 9 

ut by the firſt Step 32 LM: LN: I: R 

Therefore | 33 |BLq: BMq:: 8 Rꝗ: Iq - Rꝗ 


Now the Proportion of I to R being known, the Proportion 
hich the Radius BL bears to BM is had by the laſt Step. But 
o avoid the Confuſion which a Multiplicity of Lines may oc- 
aon, Jet the 86th Figure be transferred to the 87th with as 
pany Lines as ſhall be neceſſary, in which let AB be the in- 
dent Ray, BG the refracted one as before, Then, becauſe the 
Proportion between BL and BM is known, the Angle LBM may be 
ad, which is equal to ABQ, the Meaſure of the Obliquity with 
hich the efficacious Rays enter the Drop; and therefore 
lo its Complement to two right ones SBL. And the Line 
M being known, the Line BN may be had, becauſe by the 
*h Step BM is to BN as I to 3 R, and therefore alſo the Angle 
BN, or its Equal LGB, and conſequently BLG the remaining 
igle of the Triangle BGL ; but to this is equal the Angle 
Lt] or HLV, and if theſe three be added together, and 
heir Sum taken from four right ones, it will give the remaining 
Ingle about the Center, viz. VLB, which being halved, gives 
he Angle SLB; but the Mechod of determining the Angle SBL 
as ſhewn before, and therefore LS the remaining Angle of the 
Tnangle LBZ, may be had, which Angle doubled gives the 
Ingle VSB or its Equal ASY, which 1s the Augle ſought. 

if a Computation be made after this manner wien the Ratio 
108 to 81 for the Red Rays, this Angle will be tound to be 
o Degrees 57 Minutes; if with 109 to 81, for che Violet, it 
ill be 54 Degrees 7 Minutes 3 and the Difference, wiz. 3 
hegtees 10 Minutes, will be the Breadth of the Bow. 


X 2 the 
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the Drops as they form the Colours of it 
having one common Axis Al with tho 
whoſe Surfaces the Drops forming the ( 
lours of the other Bow were placed, this 
be exterior to, and concentric with it, 
will therefore ſurround it, as obſerved aboyfi 

As Rays of Light when they arrive 2 
Surface of a Drop of Water never all paſ 
but are in Part reflected and in part refra 
it is evident that ſome Rays will paſs o 
each Drop after having ſuffered three Re 
tions, ſome after four, &c. theſe alſo willq 
ſtitute Rainbows; but becauſe the greateſt 
of the Rays will be loſt in ſuffering ſo m 
Reflections, that Rainbow, which is mat 
three Reflections, is ſcarce ever ſeen, much] 
ſuch as are made by more, &c. 

It is evident, that fince the Line Al, 
the common Axis of the Cones, on whoſe 
faces the Colours of the Bow are formed, pt 
through the Eye of the Spectator, no two! 
ſons can ſee the ſame Bow at the fame Tu 
or rather, that the Rainbows, ſeen by twok 
ſons at the ſame Time, are formed in di 
rent Drops of Rain and in different Parts 
the Heaven. 

Accordingly, if a Perſon obſerves the U 
as it hangs upon the Graſs when the 3 
ſhines, he ſhall ſee the Colours of the Bon 
the Drops of Dew; but as he walks ala 


the Colours ſhall remove. from Drop to Dr 
Som 
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Sometimes _—_— 1 of the Bow ſhall 
Dpear . upon round, and the upper 
| 4 * at all, and then it — 
ke a Rainbow lying along the Ground 
ith the Extremities of its Legs turned 
pward into the Air: This is when the Sky 
clear towards the Sun, but foggy on the 
poſite Parts, and only to a finall Height 
om the Ground. ; 

The Moon ſometimes occaſions the A 
zarance of a Rainbow after the ſame Man- 
er that the Sun does, but the Colours are 
uch more faint and dilute. 

And laſtly, if Water be continually thrown 
> into the Air oppoſite to the Sun, as from 
Fountain, and there breaks into ſmall Drops, 
e Appearance of the Rainbow will be ex- 
ibited in them. | 


See more on this Subject in Antonius de 
Dominis de Radiis Viſus & Lucis; and the 
uthors referred to by Mr. Fohn/on, in his 
phloſoph. Ruaſt. Chap. vir. Q. 45 & 46. 


of 
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Of the Obſcura Camera and tþ 
$F Magic Lanthorn. 


| HE Obſcura Camera is of two Sorts 
43 the one is no other than a convex * 
| fixed in an Hole in a Window-ſhutte 
which Lens, when no other Light is pe 
mitted to enter the Room except what paſſ 
through it, will repreſent all the extern! 
Objects that are viſible through that Hal 
11 upon a white Paper held at the focal Di 
4 tance of it, painted in their proper Coloun 
'1 To illuſtrate this, let AB (Fig. 88.) repre 
i ſent a Window-ſhutter, CD a convex Ln 
it fixed in an Hole therein, and let EF be a 
external Object; then will this Object em 
Rays of Light of its own Colour from exd 
Part, which paſſing through the Lens, as th 
Figure repreſents them, will be collected int 
Points at GH, and being there received upon; 
white Paper or other Surface, will repreſent tit 
Object painted in its proper Colours, whic 
Colours will be the ſtrongeſt of all whe 
the Sun ſhines upon that Side of the Objec 
that is next the Glaſs. But the Repreſen 
tation will be inverted, becauſe the Penci 
of Rays that flow from the Object crols in ti 
Middle of the Glaſs, 


Ti 


— 
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The other Sort of Obſcura Camera is that 
hich is called the Portable one, and is of 
ſe in drawing Pictures, taking Landſkips, &c, 
t is contrived after the following Manner, 
AKB (Fig. 88.) is a Box, in an Hole in whoſe 
ide the Lens CD is fixed (or rather at the 
xtremity of a ſhort Tube fixed in that Hole) 
nd in the Situation LM is fixed a Piece of 
ooking-glaſs making an Angle with the Side 
fthe Box of 45 Degrees; this, receiving the 
Lays in their Paſſage to GH, throws them 
pwards, and cauſes the Repreſentation to 
made in NO, which is there received upon 
e under Side of ſome thin Subſtance PQ, 
at is in a ſmall Degree tranſparent, (as thin 
aper or Glaſs about half poliſhed) and ſo upon 
ve Apening the Box appears ready to be drawn 
copied out, But that the Colours may ap- 
ar ſtrong, the Light, when the Box is open- 
1s H muſt be kept from falling upon the Paper 


iu Glaſs, as much as may be, 

zpon: 

* The Magic Lanthorn is an Inſtrument in- 
WAI 


nted by Kzrcher, in order to repreſent 
Jbjects much larger and more luminous than 
ey are, It is no other than a dark Lant- 
orn, in the Side of which there is fixed a 
ort Tube, and in the Tube two convex 
enſes, and between them a tranſparent 
nted Image of the Object we would repre- 
at, The Paſſage of the Rays through the 
2 Lenſes 


Objec 
d reſen 
Penci 
in ti 


Th 


— 
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Lenſes and the Image is thus. Let A (Fig 89 
repreſent a burning Lamp placed as in a com. 
mon Lanthorn, and let CD, EF, be the tw 
Lenſes placed in the Tube abovementioned 
and the Picture at GH. And let the Situati 
of the Lens CD be ſuch, that the Light whig 
falls upon it from the Lamp may be all throw 
upon the Picture GH, by which Means it wi 
be ſtrongly illuminated, and being tranſpe 
rent, will throw out Rays in Plenty the oth: 
Way: Which Rays, in paſſing through th 
other Lens EF, let us ſuppoſe to be co 
lected into their reſpective Foci on an oppoſit 
Wall at IK, and to form an Image ther 
Which Image will be larger than the Pig 
ture in Proportion as the Diſtance IL is great 
than LH; becauſe the Angles ILK and GIL 
are equal; and the Room being dark eve 
where elſe, it will appear very bright, if t 
Picture be ſtrongly illuminated by the Lam 
And beſides the abovementioned Apparat 
there is ſometimes a concave Reflecter place 
within the Lanthorn behind the Lamp, as 
MN, to give a ſtronger Illumination to t! 
painted Image at GH. 
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HE Science of Aſtronomy may be 

diſtinguiſhed into two Parts, the one 

relating to the Motion of the heaven- 
Bodies, as they really are in themſelves ; 
e other as they appear to a 3 upon 
e Surface of the Earth: and theſe two are 
equently the very Reverſe of each other; 
at Body appearing to move Weſterly, which 
reality at the fame time moves Eafterly ; 
d that ſeeming to tend towards the North, 


hich is ſtanding ſtill, or haſtening towards 
e South : and the contrary, And becauſe 
A the 
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the apparent Motions of theſe Bodies d 
upon their real ones, the Order I ſhall proce 
in, ſhall be firſt to lay down their real Motions, 
and then to ſhow how the apparent ons 
ariſe therefrom. But ſince the generali 
of People are apt to form their Judgmen 
by their Senſes only, and are loath to im. 
gine Things different from what they 
pear to be, to prepare ſuch Readers for | 
more eaſy Reception of what follows, it my 
not be amiſs to premiſe the following Particul 
by way of Introduction, 


I. Let us imagine only one great Body i 
the Univerſe, plac'd in the midſt of infini 
Space, like a Ball in the Air; and then 
quire whether of the two following Suppoſ 
ons has the greater Probability on its Side 
viz, That this Body will continue in its Plad 
or that it will not. | 

In perſuance of this Inquiry, perhaps it m: 
be — thus: —— q hq 
we can make tryal are obſerved to continue 
their Places without a Support, neither wil 
this Body remain in the Place it is put, bil 
will immediately deſcend, as it were, tow: 
the lower Regions of Space. 

This Argument is founded upon the Ob; 
vation of Bodies falling to Ground! 
want of ſupport, which is not a parallel Cai 
For to ſay the leaſt that may be, we canWaodi 


Ze INTRODUCTION. 5 


en e ſure but that the Earth itſelf may be the 
ce use why Bodies deſcend towards it; as the 
io oadſtone is the Cauſe why Steel approaches 
ons when placed within a certain Diſtance from 
And if ſo, then for any thing that ap- 
ars from hence to the contrary, this Body, 
ing the only one in the Univerſe, may re- 
uin in its Place without a Support. In ſhort, 
e Argument is juſt as if one ſhould reaſon 
us: It has never yet been obſerved, but that 
rel when placed at a ſmall Diſtance below a 
adſtone will aſcend upwards ; therefore by 
Wiity of Reaſon, if all the Bodies in the Uni- 
ere were transformed into a Maſs of Steel, 
nd placed alone in the midit of infinite Space, 
at Maſs would aſcend, The Fallacy of which 
y of arguing is ſufficiently apparent. 

There is a much greater Probability of Truth 
the oppoſite Way, and it is more rational 
argue thus: By all the Experiments and 
Wbſervations made upon Bodies, it does not 
pear, that any ever moves out of its Place, 
nleſs impelled by ſome other; or when it 
noves towards another, as in the Caſe of Bo, 
ies falling towards the Earth, or of Steel 
nding towards the Loadſtone, Now the Load- 
bone is certainly ſome way or other the cauſe 
Wy the Steel tends towards it, and therefore 
My Parity of Reaſon) in all Probability the 
is ſome way or other the Cauſe, why 
canWodies are diſpoſed to move towards it: * 
„ ‚ 


> 


we can make in this Caſe, ſeems to have th 
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if ſo, then ſuppoſing all the Bodies in the Mei 
Univerſe to be collected into one, it wou WW; 
moſt likely continue where it was put, with. Won! 
out requiring any thing to ſupport it, as ha 
ing nothing which might impell it any way, a 
towards which it might move. This, I @ 
being the moſt natural and eaſy Dedudtn 


greater Probability on its Side. And farther, 

IT. Since there are no Bodies, we can make 
Tryal upon, but what are diſpoſed to move to 
wards ſome other Body, as Bodies towards the 
Earth, or Steel toward the Loadſtone, it is mok 
probable that the ſeveral Bodies whereof th 


_ Univerſe conſiſts, would all move towards ou ate 


another, if not obſtructed, 

III. Let us ſuppoſe all the Bodies in the Uni 
verſe to be united in one, and that Body t 
be put into Motion. Now whereas upon tl 
Suppoſition there is nothing which may ſtop 
deſtroy its Motion, it does not appear thut! 
would ever ſtand ſtill, or loſe 5 leaſt P. 
of it. For by all the Experiments we cayWoadiſt 
make upon the Bodies about us, there 
none which, when put into Motion, can 
ſtopped without ſome Force applied to the 
for that Purpoſe. They will ſeem indeed 
ſtop of themſelves, which is always ow 
to ſome Impediment. Accordingly it is foul 
that the leſs Reſiſtance or Rubs Bodies me 


with in their Way, the longer they cn (6 
« 
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cir Motion(@). Whence we may infer, that 
his Body once put into Motion, would ever 
ontinue in that State (. 
IV. Let us now ſuppoſe that all the Bodies 
the Univerſe are compriſed in two, the one 
f which let us imagine to be immenſely great- 
than the other. Theſe Bodies, if not ob- 
ricted, will (agreeably to the Conclufion made 
Section II.) approach towards each other; 
ut becauſe a little one requires proportiona- 
ly leſs Force to put it into Motion than a 
ger one, the leſs will be the only one in 
hich the Motion will be ſenfible, becauſe 
e have ſuppoſed the other to be immenſely 
rater, which will therefore be ſcarcely mov- 
| out of its Place by the leſs ; juſt as it is 
th a Loadſtone and a Piece of Steel hung 
p by two Strings near one another ; if the 
Xl be much leſs than the Loadſtone, it 
all move almoſt all the Way towards the 
adſtone, while that ſhall ſcarce ſtir out of its 
ace; but if the Steel much exceeds the 
cadſtone in Bulk and Weight, the Loadſtone 
all then move to the Steel, and not the 
el to the Loadſtone, as in the other Caſe. 
lis being granted, 
Let us conceive the leſs Body to have a 
ift Motion given it in a Direction parallel 
the Surface of the larger Body, This 
Wa) See Part I. Chap. IV. 
ont ) See more in Confirmation of this, Part I. Chap. IV. 
the Motion 
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Motion will in ſome Meaſure prevent its aþ- OUT 
roaching to that Body, and the greater the lu 
ocity is that is thus given to it, the longer vil 

the Time of its Approach be protracted then. 

by, and the greater Space it will move om 
before it comes to the Body. The Vebch 

therefore which is thus given to it, may k 

fo adjuſted to the Degree of Tendency it hy 

towards the other Body, that it ſhall mori" 

quite round it without ever touching it, r 

turning to the ſame Place where it was wha 

the Motion was at firſt given it. In this Cx 
if it meets with no Oppoſition, it will mo 
round it in the fame Path over and over again 
not unlike to a Stone whirl'd round the Han 
in a Sling(c). And as a ſmaller Body my 

confinually move round a larger in this M 
ner, ſo may ſeveral leſs ones move round th 
fame larger one at the ſame Time, provide 
the Diſtances of the leſs ones from each 
ther be ſo great, that their mutual Tenda 
cies towards each other do not diſturb 
Motions/d). 

This is the Caſe of the Planets and Come 
with reſpe& to the Sun, which is a Body ile 
menſely greater than any of them, placel ed, 2 
it were in the midſt of an infinite Space, a 


c) See this explained more at and illuſtrated, Pu ber the 
a voir. * "0 . 

(4) For the ſame Reaſon that the ſeveral ſmaller ones ned, P 
towards the larger, they will alſo tend one towards anon l 

but with keſs Force in Proportion to their Smallneſs. 


10 
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und which they perform their reſpective Re- 
olutions{e). . 


As to what we call the Sky, in which 
e Heavenly Bodies ſeem as it were fixed, 
is no real Subſtance, but mere empty Space. 
he Reaſon why it appears to be a Subſtance, 
as follows. Was there no Atmoſphere ſur- 
unding the Earth(f), whoſe Particles might 
fle& other Rays of Light to our Eyes, than 
boſe which come directly from the Sun, all 
arts of the Heavens, even in ſpite of Sun- 
dine, would be quite dark; and the Stars 
ould be viſible at Noon-day (g/). But fince 


e This Doctrine being allowed, we may ſee the Poſſibili- 
of the Earth being habitable quite round : for if Bodies 
not diſpoſed to, move any otherwiſe than as they tend to- 
d ſome other, there can be no more Danger of our Anti- 
u falling from the Earth, than there is of our riſing up 
pthe Air, And as to their walking with their Head down- 
ds with reſ to us, there is neither Inconvenience, nor 
ming Odneſs to them in that; for firſt, their Feet are turn- 
towards the Surface of the Earth on which they walk, as 
Il as ours are; and ſecondly, ſince both the Heavens and the 
11h, which are the only Things they can judge of their Situa- 
n from, have the ſame Poſition with reſpect to their Bodies, 
jen they ſtand or walk, that they have to us in the like 
e, their Poſition cannot ſeem otherwiſe to them than ours 
s to us; for a Man cannot tell which way his Feet are 
ned, any otherwiſe than as his Judgment is directed by 
Things about him; juſt as one cannot diſtinguiſh North 
m South in a ſtrange Place, without a Compals, or ſeeing 
her the Sun or Stars. 

See the Nature and Conſtitution of the Atmoſphere ex» 
ned, Part II. Chap. III. 

4s anoll t) See Chap. XIII. 
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the Atmoſphere of the Earth abounds wig 
Particles capable of reflecting Light every wy 
ſome of it will fall upon our Eyes, to why 
ever Part of the Heavens they are direQ 
This Light, as all other, gives us the Ida 
ſome Colour: having an Impreſſion of Colo 
upon our Minds, our Imagination preſents y 
with a Subſtance for it to inhere in. Juſt as wha 
a Man views an Object in a Glaſs, the Lig 
regularly reflected, gives him an Idea of th 
Colours of that Object duly ranged; but 
is his Imagination that forms the Image he thin 
he ſees. | 


Thus much by way of Introduction ; whit 
muſt not be underſtood as containing all t 
Reaſons for theſe Things; but only as ten 
ing to ſhew the Poſſibility, and in ſome 
gree the Probability of them. 

That which will be delivered afterwarl 


Motions of the Heavenly Bodies will ſet ti 
Doctrine in a clearer Light, and abundant 
evince the Reaſonablenefs of it. Proceed 
in the mean time to conſider the Order the 
Bodies move in, and their reſpective Diſtang 
from the Sun, which makes the Subject 
the firſt Chapter. 


CHA 


hap. 1. The Solar Syſtem, IT 


ACS AT I 


Df the Bodies which compoſe the Solar 
Syſtem, and their real Motions. 


olox 
ts u 
whe HE Sun is a Body of prodigious Mag- 
| nitude, ſituated in the midſt of an un- 


jounded Space, and the Fountain of Light 
nd Heat to a certain Number of Planets and 
omets, which continually move round it {a) : 
Il theſe taken together make up what is call= 
d the Solar Syſtem. 

ui The Planets are in number fixteen, ſix of 
| hich are called Primary ones; the other ten 
ene diſtinguiſhed by the Names of Secondary 
e Dres, Moons, or Satellites. 

The Primary Planets are Mercury, Venus, 
e Earth, Mars, Jupiter and Saturn. They 
volve about the Sun at different Diſtances from 
ſet Hi moving from Weſt to Eaft (5), in Orbits (cy 
\dand B nearly 


(a) The Sun itſelf is not abſolutely at Reſt, but is ſubject to 
f very ſmall Degree of Motion, which ſhall be conſider'd 
iſtandMWicn we treat of the Phyſical Cauſes of the Motions of the 
ject eavenly Bodies. 

(b) When any of the Heavenly Bodies are ſaid by Aſtrono- 
ical Writers to move from Welt to Eaſt, or from Eaſt to Weſt, 
5 always to be underſtood by way of the South. So that 
the latter Expreſſion is meant the ſame Way that the Sun 
pears to move in its daily Courſe, by the former is intend- 
| the contrary. 

(c) By the Orbit of a Planet is meant the Way or Path it 
(cribes in moving round the Sun, 
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nearly circular, having the Center of the du 
directly within each of them, and nearly in th 
Middle; and they are not coincident one wi 


I 2 


another, but every one has about one Half 
little above, and the other Half a little bel 
each of the reſt. Or, to expreſs it in the com. 
mon Way, the Planes (d) of their Orbits pi 
through the Center of the Sun, and are 64. 
tuated, that they make but ſmall Angles wit 
each other, 

Figure the firſt repreſents the Solar Syten 
wherein the Point S is deſigned to denote the 
Center of the Sun; the Circle A B the 0 
bit or Path, which the neareſt Planet Mercur 
deſcribes in moving round it; CD, thaty 
which Venus moves; FG, the Orbit of ti 
Earth; H K, that of Mars; LN, that of) 
piter ; and OP, that of Saturn (e). Theſe þ 

dies, as they move round the Sun at very di 
: feral 

4) The Plane of an Orbit is the Space included there 
This, if the Curve Line ADME, in Fig. II. repreſent a 
Ort it, the Surface of the Paper within that Curve repreſea 
the Plane of that Orbit. Or in other Words, the Plane of t& 
Orbit of a Planet is a flat broad Space, out of which the Plan 
never ſtrays. 

(e) That the Sun is at Reſt, and that the Planets move row! 
it as deſcribed above, is an Opinion received of old by Phi 
laus, Ariflarchus of Samos, and the whole Sect of the Pyti 
goreans, The Egyptians were early Obſervers of the Heavel 


and from them probably this Notion was received in Greece; tit 
the Notion of the Earth ſtanding ſtill in the Center, and the wh 


Heavens revolving round it, was generally received and defend 


till the Time in which Copernicus flouriſhed, wiz. about the Ye 
1500, Who reſtored the ancient Aſtronomy, and ſhewed | 
ſo clear a Manner how the Appearances of the Heavens mig 
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erent Diſtances, the true Proportion of which 
nearly repreſented in the Scheme, ſo they 
perform their reſpective Periods in very diffe- 
ent Times; wiz, Mercury in about three 
lonths; Venus in about ſeven and a Half; 
he Earth in a Year ; Mars in about two Years 
fupiter in twelve; and Saturn in not much 
eſs than thirty. And as they differ in their 
periods, fo they do 13 in their Mag- 
2 


nitudes. 


accoanted for by it, that it became generally received, 
te g from him was called the Copernican Syſtem. 

There are two other Hypotheſes of Note, wiz. the Ptolemaic 
d the Tichonic. The Ptolemaic is ſo called from Prolemeus 
Mathematician of Pelufium in Egypt, a great Defender of 
his Hypotheſis, He ſuppoſes the 420 Stars to be ſtuck in 


of e Firmament as they appear to the Eye; the Earth in the 
F enter, round which he ſuppoſes the Moon to revolve; and 
ö i t greater Diſtance, Mercury; at a greater ſtill, Venus; at a 
le B ater than this, the Sun; at a ſtill greater, Mars; then Ju- 

wer; then Saturn; and beyond all, the Firmament with the 


ned Stars; all in the ſame Time they appear to move round 
s, This Hypothefes was excellently well adapted to amuſe the 
'ulgar, the Motions of the Sun and Planets being repreſented 
by it much after the ſame Manner as they appear to Senſe. 
but ſince by the Help of Teleſcopes it has {2m diſcover'd, 
at Venus puts on different Phaſes, like the Moon, the Reaſon 
If which will be ſhewn in Chap. VI. this Hypotbeſis is entirely 
ud afide, as inconſiſtent therewith. 

The Tychonic Hypothefis has its Name from Tycho Brabe, a 
ve wu Nobleman.: This Philoſopher ſuppoſes that the Earth 
lands ſtill, and that as the Sun moves round the Earth, the 
Planets move round that, juſt as the Secondaries move round 
deir Primaries in the Solar Syfem laid down above. There 
| another Hypotheſis called the Semitychonic, and differs from 
e former only in this ; that whereas that makes the Earth 
Wand ftill, and the Sun with the Planets to move round it 
ey Day ; this gives the Earth a diarnal Motion round its 
ni, and only ſuppoſes the Sun with the Planets revolving 
out it, to move round the Earth once a Year. 
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nitudes. For ſuppoſing the Circumference « 
the Sun to be repreſented by a Circle of ten 
Inches in Diameter, the ſeveral Circles Q.), 
W,X,Y,Z, would nearly expreſs thoſe of the 
Planets Mercury, Venus, the Earth, Mar, 
Jupiter, and Saturn reſpectively (VJ. 

Theſe Planets have no Light of their own; 
for when viewed through a Teleſcope, the Side 
only next the Sun is obſerved to be enlightend 
They are alſo of the Form of a Globe ; for 
one Edge of the ſhining Part ſometimes ap- 
pears hollow, ſometimes ſtrait, and ſometime 
convex, according as the Planet is ſituated with 
regard to the Spectator and the Sun ; which it 
could not do, unleſs they were of that Formig 

Farther, the Planets do not only move 
bout the Sun, as we have obſerved, but turn alb 
about their own Axes (H at the ſame Time 


; ano 
/ Their Magnitudes, Diſtances, Times of Revolution, wil 

their Rotation about their Axes, are more accurately exprefi 
in the following Table. 


Diameters | Diſt, from the] Periceicil Times. | Rotation aber 
in Engliſh | Sun in Engliſh their Axa, 
Miles. Mules, Days H. M. S.] D. Pr 
2 4 6] c 


* 
\ 
. 


The Sun 763, 460 
Mercury 4.240 32, 000, ooo 87 [a3 15 53 not diſcoy 
Venus 79,06 59, ooo, ooo 224 649 2400 23/16 
The Earth 7,970 $1,000,000 365 16 9\ 14| 00 |23 56 : 
Aars 4,444 {| 125,000,000 686 fz 30 00; 24440| ier 
Jupiter 81,155 24,c00,0c0 | 4,332 [tz 20 25] 00 91555 Thum 
Saturn 67,870 | 777,500,000 | 10,759 | 636 26 not knon al. And 
| * Ul a Li 
(g ) See the Reaſon why one Edge of the ſhining Part of (i) Th 
round Body appears ſometimes ſtrait, ſometimes hollow, ſont N 
times convex, largely explained Chap. VI. 
: | EE”, : a flat | 
(+) By the turning of a Planet about its Axis is meant, its tu it - 
ing about any two Points in its Surface that are oppoſite call 
| ano 


*% 
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of and the fame Way they do about the Sun, 
ten Miz. from Weſt to Eaſt. As the former of 
eſe is generally compared to the revolving 
f a Stone in a Sling about the Hand, this lat- 
er may be compared to the ſpinning of a Top 
xr the turning of a Wheel upon its Axle-tree, 
he Sun itſelf is not exempt from a Motion 
f this latter Kind. 

This Motion of the Sun and ſome of the 
lanets about their Axes is diſcoverable by cer- 


ap-WW:in Spots, or diſtinguiſhable Parts on their Sur- 
imes|ices ; which appearing firſt on onꝭ Extremity 
with their Diſks/z), do by Degrees come forwards 
h fowards the Middle, and fo paſs on till they 


eh the oppoſite Edge thereof, where they diſ- 
pear ; and after they have lain hid about 
e ſame ſpace of Time that they continued 
"me inble, they appear again as at firſt, By the 
lotion of theſe Spots paſſing in a right Line 
Nor the Diſk of a Planet, or riſing upwards 
Wie Half of the Way, and deſcending the o- 

ther 


|:Weother ; and an imaginary Line ſuppoſed to be drawn 2 
e Planet from one of thoſe Points to the other, is, while 

met moves about thoſe two Points, called its Axis. Thus if 
le Reader holds a Ball between his Finger and Thumb, and 
ms it round, a Line ſuppoſed to paſs through it from Finger 
WW Thumb, will in Aſtronomical Language be the Axis of that 
t Knee. And if he takes it up by two other Points, and turns it, then 

of MW Line paſſing through thoſe other Points become its Axis. 
a i) This is a Term 9 Face of the 


soo, Noon, or other Heavenly Body, when it is conſidered 


its WY -. - a * 
* it is conceived to be divi 


— call Digits. 


a flat round Surface, as it — — to be: . the —— 
into twelve equal Parts, whi 
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ther Half, the Situation of the Planet's 4 
about which it turns with reſpect to us, is evi. Hor 
dently diſcovered. Theſe Spots are very viſible Part 


on the Surface of the Sun, Venus, Mars and 
Jupiter; but by reaſon of the Nearneſs of Mer. 
cury to the Sun, and the great Diſtance of $4. 
turn from us, no Obſervations have been made 
that could diſcover any Spots in them, iber 
that it is uncertain whether theſe Bodies n 
volve about their Axes or not. As to the 
reſt, the Times in which they thus revolve i 
expreſſed above in Note (/) in page 14. and thi 
Inclination of their Axes in the Note belo 
&). 
y In Jupiter, beſides his Spots, there are { 
veral broad Spaces running parallel to each 
ther, called his Belts. Theſe, as alſo his Spo 
are obſerved to undergo ſeveral Changes, neithe 
keeping the ſame Magnitude nor Difſtane, 
from one another. And ſome of his Spots ha 
appeared only for a Time, ws ihe 
As to the Spots of the Sun, they are ful 
je& to much greater Variety of Changes. Ne 
ones appear, and old ones vaniſh, others ſud 
_ ceeding in their Room; ſeveral ſmaller on 
run together, and form one larger; and lay 


The Inclination of the Axis of the Sun to the Plane ure de 
which the Earth moves, is ſeven Degrees, and a half: tj" 
of Venus to the ſame Plane fifteen Degrees, according to 
Obſervation of Signior Blanchini's at Rome in the Year 171% Th. 
the Earth's 23 Degrees and 29 Minutes: and Mars and Feci © 
piter's are nearly at right Angles with their own Orbits. I. Center 


(0) The 
the Exc 
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xls, Wer ones are ſometimes divided into ſmaller (J. 
vi- However, ſeveral have remained on the ſame 
ble part of its Body long enough to determine the 
Time of its Motion about its Axis, See 


Note (/) in page 14. 


In the Beginning of this Chapter it was 
ſerved, that the Planets move round the 
zun in Orbits nearly circular, and in Planes 
oſſing each other in ſuch Manner, as to make 
ery ſmall Angles with each other. As to 
eForm of their Orbits, they are Ellipſes (m), 
wing one of their Foci (un) in the Center of 
e Sun. They differ very little from Circles, 
to ſpeak properly, their Excentricities (o) bear 

a very 
{1) We learn from Hiſtory, that the Sun has wanted its uſual 
Inghtneſs, ſhining with a dim and obſcure Light for a Year 
ether, This was probably owing to its being in a great 
ſealure covered with Spots; for now there are ſometimes 


pots ſeen upon it, that are larger than the Surface of the whole 


ful (=) An Elle, is a Figure like an Oval ; but ſtrictly ſpealc- 
Nei « Geometrical Curve, made by the tranverſe Section of a 


ine or a Cylinder. But the Nature of it may be under- 
bod from the following Deſcription, Stick up two Pins at F 
od G (Fig. 2.) over which put a Thread, both Ends being 
together ; then with a third Pin at P, within the Thread, 
ping it upon the Stretch, deſcribe the Curve ADBE, which 
In Ellipſe, And if we make UF of the ſame Thread, 
It increaſe or diminiſh the Diſtance between the Pins, the 
gure deſcribed will till be an Ellipſe, though of a different 
d. And when the Pins are brought cloſe together, the 
pure deſcribed degenerates into a Circle. 

(n) The Points Fand G where the Pins were fixed, are called 
— of the Ellipſe, and the middle Point between them 

nter. 

The Diſtance between the Center and either of the Focs 
the Excentricity. 


vig. the Earth, Jupiter, and Saturn. 
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a very ſmall Proportion to their longer Axes (% 
And as to the ſituation in which their Plang 
lie in, it is in all nearly the fame with thy 
of the Earth's Orbit. See the Excentricities q 
their Orbits, and their Inclinations to that d 
the Earth's, in the Notes {q) and (r). 

The Primary Planets are again diſtinguiſh 
ed into two Kinds, viz. Inferior and Superi 
thoſe which are nearer the Sun than the Eart 
is, as Mercury and Venus, are called the I 
ferior Planets ; the others the Superior ones 

The Secondaries are conſtant Attendants 
the reſpective Primary ones to which they be 
long, revolving round them, while they then 
ſelves move round the Sun. Of the Priman 
Planets there are only the three largeſt, as f 
as the Obſervations of Aſtronomers have beg 
able to diſcover, that have their Secondariz 


1 


% | 


(p) The Line AB, which paſſes through the Foci, and is tem 
nated at each End in the Ellipſe, is called the longer An 
The Line DE, which paſſes through the Center of the Elli 
in a Direction perpendicular to the former, and is termi 
ted by the Sides of the Ellipſe, is the Sorter z Axis. 

{4 ) The Excentricities of the ſeveral Orbits“ of the Plan 
are as follow: Suppoſing the Diſtance of the Earth from 
Sun 1000 equal Parts, the Excentricity of Mercury's Orbit Midi 
about 80 ſuch ; of that of Venus 5 ; of that of the Earth! 
of Mars 14r ; of Jupiter's 250 ; and the Excentricity of 
turn's Orbit 247. 

r) Their Inclinations are as follows: viz. The Orbit of 
Planet Mercury is inclined to that of the Earth 6 Degree oved 

4 Minutes; that of Yenus is inclined to it 3 Degrees, Wall by 
inutes ; that of Mars, 1 Degree, 51 Minutes; that of) (*) 
Fiter, but 1 Degree, 19 Minutes; and that of Saturn, 2 1 
grees and 33 Minutes, 
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wre Earth is attended but by one, which 
2 s the Moon. This Secondary revolves round 
that 


Earth from Weſt to Eaſt in 27 Days, 7 
fours and 43 Minutes, at the Diſtance of 
bout 60 Semidiameters and an half of the 
th from its Center (g); and performs its 
Rotation about its Axis, which is nearly per- 
endicular to the Plane of the Earth's Mo- 
jon, in the fame Time and the fame Way 
hat it revolves about the Earth. | 
The Planet Jupiter has four Moons, which 
yolve about it at different Diſtances and 
different Times. The innermoſt performs 
Revolution in about one Day and eighteen 
ours, nearly at the Diſtance of ſix Semidia- 
eters of Jupiter from its Center; the ſe- 
Ja revolves about it in about three Days and 
"8. Half, at the Diſtance of about nine ſuch 
diameters ; the third in about ſeven Days, 
the Diſtance of 14 Semidiameters ; the 
Worth and outermoſt Satellite requires almoſt 
Days to perform its Courſe in, and is diſtant 
Im its Center 25 Semidiameters nearly (f). 
D Saturn 


es 0 
lat d 


from i, The Excentricity of the Moon's Orbit is about 4,3 of the 
Orvit Waidiameter of the Earth; and its Inclinatio to that of the 
is 5 and 18 Minutes. The Reaſon that the 
on appears ſo large, and to outſhine all the other Planets, 
Primary and Secondary, is becauſe of the Smallneſs of its 
bit of Witance from us in reſpe& of theirs ; for had it been as far 
DegreQnoved from us as ſome of them, it had never been ſeen 
grees, all dy us. 5 
at of % More accurately as in the following Table. 
z 2 


Satell. 
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Saturn has no leſs than five Satellites: Thel 
firſt and innermoſt revolves about it in on 
Day and 21 Hours, at the diſtance of about 
5 Semidiameters and an half of Saturn from 
its Center; the Second performs its Courſe | 


two Days aud 17 Hours, at the Diſtance * 
6 Semidiameters and a "_; the Third in” : 
about 4 Days and an half, and is diſtant fret 


it about 8 Semidiameters and 3 Quarter 
the fourth compleats its Period in about 10" 
Days, at the Diſtance of 20 Semidiameten 
the fifth and outermoſt requires above 79 Da 
to perform a Revolution in, and is 59 Sem 
diameters of Saturn diſtant from its Center(u 

Theſe Satellites, as alſo thoſe of Jupit 
perform their Revolutions about their Prime 
ries from Weſt to Eaſt, as their Primaries '©'s 
about the Sun. | 

The Orbits of the ſecondary Planets uf. 
expreſſed in Fig. I. by the pricked Circles 


Satell. [Periodical Times. Diſt. in Semid. neter 
D. H. M. S. | of Jupiter. Th 
I 111827134 $5,667 
2 3113113142 9,017 
3 | 7] 3[42]3%] 14384 
4 |I16116/32[og | 25,299 


% More accurately as in the following Table. 


Satell. PeriodicalTimes. | Diſt. in Sem. of ſe of 
D. H. M. S. Saturn's Ring. g pre 

I | 1121] 18} 27 2,10 
2 21714122 2,69 e next 
3 411202512 3,8 01. 
4 |i5]22}4r1]14 | 8,70 _ 
5 79107480 25,35 wt 
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viz, that of the Moon at E, thoſe of the Sa- 
tellites of Jupiter at I; and thoſe of Saturn 
it T; the Centers of the Earth, Jupiter and 
Saturn being ſuppoſed to be in the Points E, 
|, and T reſpectively. 

As to the Orbits of the Satellites of Jupi- 
fer and Saturn, Aſtronomers have not obſerv- 
d that they differ from Circles; and whe- 
ter theſe Secondaries revolve round their Axes 
xr not, has alſo not been diſcovered (x). 

The Secondaries are alſo Bodies: having no 
icht of their own, being obſerved to be e- 
lipled as oft as they enter the Shadows of 
ter Primaries. 

Beſides its Satellites, Saturn is alſo encom- 
aſſed with a flat brggd Ring, not unlike the 
erge of an Hat, but it no where touches the 
body of Saturn, the Space between it and 
turn being equal to the Breadth of the Rim. 
ſhe Diameter of the Ring, meaſuring acroſs - 
om one Outſide to the other, is to the Dia- 
neter of Saturn's Body as 7 to 3 (y). 

The Form of the Ring encompaſſing the 
ody of Saturn, is expreſs d in Fig. I. at — 

The 


(x) The Orbits of Fupiter's Satellites lie almoſt in the ſame 
ne in which Jupiter himſelf moves round the Sun; but 
loſe of Saturn deſcribe their Orbits nearly in the Plane of the 
ng produced, except the fifth, the Situation of whoſe Orbit 
vates a little therefrom. See the Inclination of the Ring in 
le next Note. 

The Ring, according to Meſſrs. Rozmer, Picard and Hugens, 
inclined to the Orbit of the Earth 31 Degrees: But Dr. 
alley affirms it to be nearly parallel- to the Plane of the 
cd's Equator, 
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The Comets revolve alſo round the Sun 
in Orbits, whoſe Planes paſs through its Center 
but they are not confined to any particuly 
Direction, as the Planets are, ſome moving on: 
Way, and ſome another: their Orbits are of 
very elliptical or oval Form, fo that thei 

vaſtly exceed their Breadths; and the "* 
lie not nearly in the ſame Plane, like thoſe n « 
the Planets, but admit of any Inclination 
one another. But more of theſe in anothe 
Place(z). A Portion of the Orbit of a Come 
is expreſſed in Fig. I. at abcd (a). = 


(=) Chap. XI. | 
(e) The Claim which the 871 here laid down has to 
Preference to all others, will appear from the following Cui 
derations. | Se 

I. The Planct Venus moves round the Sun, and not row 
the Eazth. For through a Teleſcope it ſometimes appears wi 
a bright and round Face like the full Moon, and ſometime 

— like the new Moon ; (fee Chap. VI.) and when it « 


full, it is ſeen near the Body of the Sun, as well as wie fo 
it appears horned : which things could not be, did it mo wth 
either tound the Earth alone, or round neither the Sun nat Sun 


the Earth. For did it move round the Earth alone, or row 
both the Sun and the Earth, it muſt be ſeen ſometimes i 
thar Part of the Heavens which is oppoſite to the Sun. Di 
it move round neither the Sun nor the Earth, it could not ap 
Err when it is ſeen near the Body of 
: it remains therefore, that it revolves round the Sun, 
not round the Earth. Its Orbit therefore, agreeably to d 
abovementioned Syſtem, includes the Sun, and is within Mf 
Orbit of the Earth. 

IT. In like Manner we are aſſured, that Mercury tu 
round the Sun in a leſſer Orbit than that of Venus ; becaufc 
it puts on the ſame Phaſes with Venus, and is never ſeen lot 
from the Sun as that Planet is, 
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Thoſe bright and ſhining Bodies, which be- 
Sinfides the Planets and Comets are diſperſed 
ntet | every. 


III. The Orbit of Mars includes both the Earth and the 
zun; and 3 is not in the Center thereof. For this 
net is Eapable of appearing oppoſite to, or in any other 
Srgation in — the Gum Sick —⅜ ale 
t moved round the Earth; and it always appears full, or near- 
\ ſo; which it could not do if it ever came between the 
Sun and the Earth: it moves therefore elſo round the Sun. 
ind farther, when Mary: is in the oppoſite Part af the Hea- 
to the Sun, it about five times larger thaa when 
is near the Sun ; which hes that it is ſo many times nearer 
te Earth in one Situation than in the other: the Earth there- 
re is not in the Center of its Motion. All which is agree- 
ble to the Syſtem above laid down 

IV. Since the like is abſervable both of Zapitey and Saturn, 
$ough, by Reaſon uf their greatet Diſtance from the Sun and 
„ the Diverſity in their appacent Magaitudes in different Parts 
their Orbits is not ſo great as in Mars) it is reaforable 
» conclude, that theſe Planets alſo have both the Earth and 
San within their Orbits, and that rather the Sun chan 
Earth is in the Center of the ſame. 

V. Since then the Earth is placed within the Orbits of che 
ets Mars, Jupiter, and Saturn, theſe Planets cannot ap- 
rt n to ſtand ſtill or to go backward, as Obſervation ſhews 
as Whey ſometimes do apprar, unleſs the Earth moves: and fnce, 
it mon vt have ſhewn, the Planets Yu and Merry revolve about 
be Sun, and not about the Earth ; fince likewiſe the Earth 
placed between the Orbits of Mars and Venatf and the Pe- 
aal Time of the Earth, if it does move, is, in point of 
Wbgnitude, between the Periodical Times of thoſe two, it 
been thought reaſonable to ſuppoſe that the Earth revolves 


of ü like Manner about the Sun, as the Planets do, and is there- 
zun, ue reckoned in the Number of them. 


VI. But what wonderfully confirms this Concluſion, is, that 
mon which upon this Suppoſition runs through the whole 
er Syfem; wiz. that the Motions of all the Planets, both 
y turſ'imary and Secondary, are governed and regulated by one 
becaulÞd the fame Law ; which is, that the Sguares of the Periodical 
en ſo fine: of the Primary Planets are to each other, as the Cubes 
their Diftauces from the Sun; and likewiſe the — 
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where throughout the Heavens, are the 
fixed Stars. They are termed fixed, becau 
they are obſerved to keep the ſame Diſtance 
from each other in all Ages, having no Mo. 
tion like that of the Planets or Comets. They 
are far removed out of the Solar Syſtem, and 
ſhall therefore be conſidered in a Chapter bh 
themſelves. 


the periodical Times of the Secondaries of any Primary art U 
each other, as the Cubes of their _ from that Primay 
Now the Moon, which in the Syſtem above laid down is a % 
of the Earth, in the other Hypotheſes is a prim. 
One; and ſo the Rule cannot take Place; becauſe her Peri 
dical Time, conſidered as that of a Primary one, does not ag 
therewith. Whereas according to the other Suppoſition, ti 
Motions of the Heavenly Bodies, as we ſhall fee in its pn 
per Place, are to be accounted for with the greateſt Simpl 
city; and a regular and beautiful Fabrick is thereby exhibite! 
worthy its divine Architect. 
By the Square of the periodical Time of a Planet is mea 
the Time it takes up in revolving about the Sun, or about it 
Primary, multiplied by itſelf Once ; and by the Cube of its Di 
| tance, is meant its Diſtance multiplied by itſelf Tavice. Th 


if the Time a Planet moves once round its Orbit in, be; be 7 
Years, then zo times 30 is the Square of its periodical Time 

and if the Diſtance of a primary Planet from the Sun, or of Fr 
Secondary from its Primary, be 81 Millions of Miles, the; 

$1 Million multiplied by 81 Million, and that again by 1 * 


Million, will expreſs the Cube of the Diſtance of that Plane 


CHA! Len 
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The _ Of the fixed Stars. 


HE fixed Stars are thoſe bright ſhin- 
ing Bodies, which, beſides the Planets and 
amets, are diſperſed throughout the Hea- 
ens: they are termed fixed, as appearing 
ways at the fame Diſtance from each other, 
It is obſervable of the fixed Stars, that, when 
newed through a Teleſcope, they appear only 
nere Points deſtitute of all ſenſible Mag- 
nude. This is ſuppoſed to be owing to their 
y great Diſtance from us. That they ap- 
xar larger to the naked Eye than with a 
Mleleſcope, is aſcribed to that Irradiation or 
MWrightneſs which is obſerved to ſurround ſhin- 
ce. Tung Bodies when ſeen in the Dark, and which 
te Teleſcope takes off (a). 3 
From their ſhining with fo ſtrong and ſpark- 
Wing a Light, when at the ſame Time they are 
nyo far off that through a Teleſcope they ap- 
ear as mere Points, is inferr'd, that they — 
wi 


{a) That the Stars would a of no ſenſible Magnitude to 
ie naked Eye; were it not for that Irradiation or Brightneſs 
dentioned above, is confirmed from their being obſerved to 
inte; which the Planets and other Bodies of ſenſible Mag- 
tude do not. The Reaſon of their /2vink/ing is, that the leaſt 
article of Duſt or Vapour paſſing between the Eye and them 
capable of intercepting their Appearance for a Time, which 
larger Bodies it is not. : 


TAT 


i 
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nitudes., ns 
The Diſtance of the neareft fixed Star 


appear largeſt, are called Start of the þ 


with their own proper and unborrowed Light: 
for if they borwed their Light, they would 
be inviſible to the naked Eye, fince the Sate. 
lites of Jupiter and Saturn, which appear o 
very diſtinguiſhable Magnitudes through 


Teleſcope, are fo, | the 
There is another remarkable Citcumſtane on 
relating to the ſtarry Heavens; that the be clue 
ter Teleſcopes we make uſe of, the more Stu quiſ 
pear: from whence it is thought, that the 
fixed Stars are not placed at equal Dif mad 
tances from us, but that they are every when disc 
interſperſed at great Diſtances beyond one on 
other throughout the Univerſe ; and that pub 


the different Appearances which the 
make in point of Splendor and Magnitadcrc 
may be rather owing to their various Diſtance" 
fram us, than to any Difference in their Maca 


computed to be at leaſt goo thoufand Mi 
lions of Miles from us; and their Magnitude WW": 

judged to be ſuch, that if they were as neW*2a 
us as the Sun is, they would not appear ut 
Ike it (6). Cane: 
eir appearing under various Magnitude 
has given Occaſion to a Diſtribution of ther 
into ſeveral Orders or Claſſes: thaſe whic 


Maognitug? 1 


The Method of computing the Diſtance of the fixed 5 
is in Chap. V. 
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oht Magnitude ; thoſe which are neareſt to them 
in Luſtre are reckoned of the ſecond Magni- 
fude ; and ſo on, till we come to the leaſt Stars 
that are viſible to the naked Eye, which con- 
ſtitute the laſt Claſs, and are ſaid to be of 
the th Magnitude. For ſuch as are to be ſeen 
only. by the help of a Teleſcope, are not in- 
cluded in thoſe ſix Claſſes, but are diſtin- 
oviſhed by the Name of Teleſcopic Stars; 
the Diſtribution of the Stars into Claſſes being 
made long before the Teleſcopic ones were 
Wiiſcovered, But we are not to underſtand 
fom hence, that all the Stars which are viſi- 
ble to the naked Eye, are reducible to ſome 
one of theſe Claſſes preciſely ; for there are 
ſcarcely two Stars to be found exactly of the 
ame Size: they are only to be ranked in that 
Clals to which their Magnitude and Luſtre 
ves them the juſteſt Claim. 

There is alſo another Diſtribution of the 
Stars into Conſtellations. The Ancients, that 
y might the better diſtinguiſh the Stars with 
regard to their Situation in the Heavens, divided 
em into ſeveral Aſteriſins or Conſtellations, 
at is, Syſtems of Stars, each Syſtem con- 
MWilting of ſuch as are near each other. And to 
lilſtinguiſn theſe Syſtems from one another, 
ey gave them the Names of ſuch Men or 


W N 
be Things as they fancied the Space they took 
nit in the Heavens repreſented, or of thoſe 


rhoſe Memories, in Conſideration of ſome no- 


fired 5 E table 


' 
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table Exploit, they had a Mind to tranſmit to WM 
in 


future Ages. | 
Beſides the Stars contained within theſe Con- 
ſtellations, there are ſome others, which for of 
that Reaſon are called Informes. Of theſe the MW on 
later Aſtronomers have made ſome new Con- b 
ſtellations. ab 
There is alſo a Diviſion of the Heavens in- the 
to three Parts; viz. 1. The Zodiac, or tha WI 
Portion of the Heavens in which the Planen D 
would appear to move to an Eye placed nM" 
the Sun. The Breadth of this Space depend Ea: 
on the Inclination of the Orbits in which the! 1 
Planets move to one another, and includes twelw 
Conſtellations, commonly called the Signs of the 
Zodiac; viz. Aries, Taurus, Gemini, Cancer, Lu 
Virgo, Libra, Scorpio, Sagittarius, Caprice i 
nus, Aquarius, and Piſces : and becauſe moi 
of theſe are Animals, that Space is called th 
Zodiac. 2. All that Region of the Heaven e, 
which lies on the North Side the Zodiac 
which contains twenty-one Conſtellations: and 
3. That on the Southern Side, which contain 
fifteen 3 
There is a remarkable Tract that goes quiere 
round the Heavens, called the M:/ky Wa 
This Space has a peculiar Whiteneſs, occaſion 
by an infinite Number of ſmall Stars theren 
none of which are to be ſeen diſtindlyp, 
without a Teleſcope, yet conſpire to rende 


that Part of the Heavens, where they are, mucſ e not 
mo 
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more luminous than the reſt. This Tra& is 
in ſome Parts ſingle, in others double a). 
8 Notwithſtanding that ſeeming Impoſſibility 
for of numbring the Stars, their relative Situations 
e the one to another have been fo carefully obſerved 
Con. by Aſtronomers, that they have not only been 
able to number them, but even to diſtinguiſh 
the Places of each in the Heavens, and that 
with greater Accuracy, than any Geographer 
he could ever point * the — of dhe K 
d in veral Cities or Towns upon the Surface of the 
pen Earth. And not only the Places of thoſe few, 
h theft 1 may call them fo, which are to be ſeen 
E 2 with 


(a)Hugenius, in the Year 1656, looking by chance through a 
nge Teleſcope at three fall Stars very cloſe to one ano- 
her in the Middle of Drion's Sword, ſaw ſeveral more as uſual : 
hut three little Stars very near one another, together with four 
larger ones, ſhone out as it were through a whitiſh Cloud much 
Inghter than the ambient Sky; which being very black and 
nene, cauſed that lucid Part to appear like an Aperture that 
wwe a Proſpect into a brighter Region. He viewed it many 
imes, and found it continued in the very ſame Place and of 
ſame Shape. But in the Philoſophical Tramſactions, No 347. 
dere is an Account of a later Diſcoyery of five more ſuch 
cid Spots, though leſs conſiderable than this of Hugens ; 
e Middle of which, we are there told, is at preſent in II. 

Wneteen Degrees, with South Latitude twenty-eight Degrees, 
orty-five Minutes; and that it ſends forth a radiant Beam into 
ie South-Eaſt; as another in the Girdle of Andromeda ſeems 
do in the North-Eaſt. It is alſo there remarked, that tho” 
ele Spots are in Appearance but ſmall, and moſt of them 
it a few Minutes in Diameter, yet ſince they are among the 
ed Stars, as it appears they are by their having no Parallax, 

cannot fail to occupy Spaces immenſely great, and per- 
ps not leſs than our whole Solar Syſtem : in all which Pla- 
s, it ſhould ſeem, there is a perpetual uninterrupted Day. 
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with the naked Eye have been pointed out to 
and regiſtered by them, but even of ſuch not 
as are diſcoverable only by the Teleſcope. Ihe Nu 
firſt among the Greeks, who numbered tho] 
which are viſible to the naked Eye, and re. N abo 
giſter'd their Places in a Catalogue, was Hy em 
parchus. He flouriſh'd about 120 Years beforeWLat 
Chriſt, and number'd 1022 Stars. To t Hes 
Catalogue the Places of ſeveral more have beenMeilte 
added by ſucceeding Aſtronomers, as Ptolemy, Wleicc 
Copernicus, Tycho Brahe, Ricciolus, and D. 
Halley ; which laſt went to the Iſland of 8. 
Helena, where he reckoned up and ſet down 
the Places of ſuch Stars in the Southern He- 
— rs as are not viſible to us in this, 

The laſt Catalogue is that of Flam eau 
who reckons 3000, of which a great Part ar 
Teleſcopical. The Number of Stars which 
may be ſeen at one Time with the nakeW! ti 
Eye in one Hemiſphere ſeldom exceed a Thou 
ſand ; which perhaps may appear ſtrange, ſina d. 
at firſt Sight they ſeem to be innumerableew « 
But this Appearance is only a Deception offfcare 
Sight, ariſing from a confuſed and trinfienonſt 
View. Let a Perſon fingle out a ſmall Por 
tion of the Heavens, and after ſome Attentio 
to the Situation of the more remarkable Sta 
therein, begin to count, and he will ſoon | 
ſurpriſed to find how few there are therein. 

Yet nevertheleſs, if we conſider the Tele 
ſcopic Stars along with thoſe which are viſibl 
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our to the naked Eye, we may venture to pro- 
ach Mnounce them infinite: ſo prodigious are the 
The Numbers that may be ſeen in a good Teleſcope. 
hoe! Thoſe in Mr. Flamftead's Catalogue mention'd 
re. MW above, that are Teleſcopical, are only the more 
Hip remarkable ones, ſuch whoſe Longitudes and 
efore MW Latitudes (that is, their true Situation in the 
thi Heavens) it was thought worth while to re- 
been Meiſter and put down. Dr. Hook, with a Te- 
leſcope of 12 Feet, ſaw 78 Stars among the 
Pleiades, that is, thoſe which are commonly 
led the ſeven Stars; and with a longer Te- 
eſcope faw more (b). And in the ſingle Con- 
ellation of Orion, which in Flamſtead's Ca- 
logue has but 80 Stars, there have been ſeen 
2000 (C). 
There is one Thing more which is very re- 
arkable in the fixed Stars, viz. that ſome 
pf thoſe which were taken Notice of, and 
ad their Places regiſter'd, have ſince diſappear- - 
g. Some have diſappeared for a Time: Some 
ew ones have appeared, and afterwards _ 
eared; particularly a remarkable one in the 
onſtellation Caſſiopeia, in the Year 1572, which 
me time after its firſt Appearance outſhone 
e biggeſt of the fixed Stars, and in ſixteen 
onths Time by degrees vaniſhed quite away, 
nd was never ſeen ſince. In the Pleiades, which 
led to be reckoned 7, there are but 6 to be 
en with the naked Eye. 


From 


(6) Hook's Micrograph. pag. 241 
(e Antonius Maria de Rheita, Rad. Sydereomilt. pag. 197. 


<<. — 
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From the Similitude there appears to be be. 
tween the ved Stars and the Sun, it is gene. 
rally ſuppoſed by Philoſophers, that they are not 
placed in the Heavens by way of Ornament only, 
or to ſupply us with a faint Light in the Ah. 
fence of the Moon ; but that each of then 
is placed in the midſt of a Syſtem of planets. 
ry Worlds, and that it directs their Motion 
and ſupplies them with Light and Heat, in 
the fame Manner that the Sun does the 
ſeveral Bodies of which the Solar Syſtem i 
compoſed d). 


As to thoſe Alterations in the Appearance „ 
of ſome of the fixed Stars. mentioned abo, 
Sir 1/aac Newton conjectures, that, as it is poſſi- th 
ble the Sun may ſometimes receive an Add A 


tion of Fewel by the falling of a Comet int 
it (the only Uſe (e) they ſeem to be of ſo thy 
ſudden Appearance of ſome of the Stars, whid 
formerly were not viſible to us, may be ow 
ing to the falling of a Comet upon them 
and occaſioning an uncommon Blaze and Splen 
dor for ſome Time. But that ſuch as appear an 
_ diſappear periodically, and inereaſe by verieir , 


ſo 


(4) How the Sun directs the Motions of the Planets will bf 
ſhewn afterwards. 

ſe) Sir Iſaac Newton computes, that the Comet which appes 
ed in 1680 approached towards the Sun within leſs than a fuWt: 
Part of the Sun's Diameter; and from thence concludes, thi | 
it muſt have been retarded by the Reſiſtance of the Sun's AF Pl 
moſphere, which is very large; the Conſequence of which eſe (| 
that it muſt come nearer and nearer the Sun every Revoluta ter 
till at laſt it falls into its Body. # 


7 
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"Mow Degrees, ſeldom exceeding thoſe of the 
hird Magnitude, may be ſuch as having large 
Portions of their Surfaces obſcured by Spots, 
xy by revolving about their Axes, like the 
Sun, expoſe their lighter and darker Parts to 
5 ſucceſſively. 


C HAP. III. 
F ſuch of the apparent Motions of 


the Heavenly Bodies, as ariſe from 
the Motion of the Earth about its 
Add Axis. | 


Aving now laid down the true and pro- 
r Motion of the Planets, and ſhewn, 

far as the Obſervations of Aſtronomers have 

them ten able to inform us, the Nature of the 
n, the Planets, and the fixed Stars; we are 
ar a the next Place to enquire particularly into 
' Ver Meir f Motions, and ſhew how it comes 
lo paſs that theſe ſeem to us ſo different from 

BO they really are. And theſe are principally 
two Sorts, viz. thoſe which ariſe from the 
rappen Motion of the Earth round its Axis, and thoſe 
* hich are owing to the Motion of the Earth 
an Ad Planets about the Sun. The former of 
which "eſe ſhall be confider'd in this Chapter; the 
vo fitter in thoſe which follow, 


Since 
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Since then, as we obſerved above, the Eart 
turns round its own Axis from Weſt to 
every Spectator upon its Surface muſt neceſſ 
rily be carried round it the fame Way; 
conſequently thoſe Parts of the Heavens whic 
lie hid towards the Eaſt, will by and | 
come into his Sight, and thoſe which are 
fible to him will depart out of it towards 
Weſt. From hence it is that the Spectate 
not being ſenſible of his own Motion (the Re 
fon of which is, becauſe all things about hir 
move along with him) imagines the whole Hez 
vens to turn round the contrary Way, vi 
from Eaſt to Weſt, every 24 Hours, whic 
is nearly / the Time the Earth performs o 

Revolution about its Axis in. This may 
illuſtrated in the following Manner. 

Let the Circle STV (Fig. ) repreſent t 
Earth, S the Place of a Spectator, ABC 
much of the Heavens as is viſible to hi 
in that Situation, and let A be the Place of ti 
Sun or any other of the heavenly Bodies: Wh 
S, the Place of the Spectator, is carried by t 
Rotation of the Earth about its Axis 
T, the viſible Part of the Heavens willt 
come BAD; and the Point A, which b 
fore was juſt at one Edge cf the viſible Pc 
tion of the Heavens, is now in the midſt 
it, or directly over the Spectator's Head, Agi 
Wil 
The Reaſon why this is not the exact Time, is, b 


of the Motion of the Earth in its Orbit performed in then 
while ; as ſhall be explained in Chapter the XV. 
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Since then, as we obſerved above, the Eart 
turns round its own Axis from Weſt to Ea 
every Spectator upon its Surface muſt neceſſ 
rily be carried round it the fame Way; an 
conſequently thoſe Parts of the Heavens whi 
lie hid towards the Eaſt, will by and b 
come into his Sight, and thoſe which are y 
fible to him will depart out of it towards t 
Weſt. From hence it is that the Spectato 
not being ſenſible of his own Motion (the Re: 
fon of which is, becauſe all things about hi 
move along with him) imagines the whole Hea 
vens to turn round the contrary Way, vis 
from Eaſt to Weſt, every 24 Hours, whi 
is nearly /) the Time the Earth performs o 
Revolution about its Axis in. This may 
illuſtrated in the following Manner. 

Let the Circle STV (Fig. - ) repreſent 
Earth, S the Place of a Spectator, ABC | 
much of the Heavens as is viſible to hir 
in that Situation, and let A be the Place of 
Sun or any other of the heayenly Bodies : Whe 
S, the Place of the Spectator, is carried by 
Rotation of the Earth about its Axis 
T, the viſible Part of the Heavens will bt 
come BAD; and the Point A, which be 
fore was juſt at one Edge cf the viſible Po 
tion of the Heavens, is now in the midit « 
it, or directly over the Spectator's Head. Ag 

WW . 


The Reaſon why this is not the exact Time, is, beca 
of the Motion of the Earth in its Orbit performed in the me 
while ; as ſhall be explained in Chapter the XV. 
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when the Spectator is got to V, the viſ ble 
Part of the Heavens is become ADX, and 
the Point A is got to the other Extremity of 
it, and juſt ready to diſappear ; after which 
it is ſeen no more till the Spectator arrives at 
the Point S again. 

From this Motion of the Earth ariſes that 
zpparent Revolution of the Planets and fixed 
Stars once in 24 Hours; as alſo that of the 
Sun, and therewith the Succeſſion of Day and 
Night. 

That the Days vary from each other both 
in Point of Length and Heat, is owing to the 
Motion of the Earth round the Sun, and will 
be accounted for in the next Chapter. 


. 


F the apparent Motion of the Sun, 
ariſing from the Earth's revolving 
about it. 


S when a Perſon fails along the Sea- 
1 Coaſt, the Shore, the Villages, and o- 
ther remarkable Places upon Land appear to 
hange their Situation, and to paſs by him; 
nd this apparent Change of Place is of two 


Sorts, (the one, is that of Bodies at reſt, the 
F Change 
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Change of whoſe Places depend ſolely on ta 
of the Spectator; the other is, that of Bodis SU. 
in Motion, whoſe apparent Change of Plax 
depends as well on their own Motion as 
that of the Spectator ;) ſo it is in the Heaven 
To a Spectator upon the Earth, as it mon 


along its Orbit, the Sun, the Planets, and ti He. 
fixed Stars appear to change their Places; whiciMupo 
Change in thoſe which are at reſt is -wie 
wholly to the Motion of the Earth; in tha 
which move, it is to be aſcribed to their owlznd 
conjointly with that of the Earth: The fate. 


mer Kind ſhall be confidered in this Chapte 
and the next, the latter in thoſe which fol 
low. To begin with that of the Sun. 

As a Spectator in the Sun would ſee th 
Earth deſcribing a Circle in the Heavens 
which is that where the Plane of the Earth 
Orbit (were we to ſuppoſe it extended f 
enough) would cut them ; ſo a Spectator 0 
the Earth, being carried round the Sun there 
with, would imagine that to move throug to 
the ſame Circle, and in the ſame Directio 
paſſing from Star to Star till it has appear 
to move quite round the Heavens. This Cirfowing 
cle is called the Ecliptic, and from what w. 
obſerved above of the Zodiac, neceſſarily pal 
ſes through twelve Signs thereof. From hene 
it is, that the Sun is ſaid to paſs through 
Signs of the Zodiac once a Year, 
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tha To illuſtrate this, let 8 (Fig. 4) repreſent the 
odie sun, ABC the Orbit of the Earth, and DEF 
the ſtarry Firmament. Then if we ſuppoſe 
the Spectator to be in the Sun, as the Earth 
moves from A to B, it will ſeem to move 
from D to E, deſcribing the Arch DE in the 
Heavens, and ſo on; but if the Spectator be 
upon the Earth, then whilſt it moves from A 
to B, the Sun will ſeem to deſcribe the Arch 
oll in the oppoſite Part of the Heavens: 
ow end whilſt the Earth is paſſing from B to C, 
the apparent Place of the Sun will paſs from 
H to I; and fo on through the whole Circle. 
do that the Sun appears to deſcribe the ſame 
Circle among the fixed Stars in a Year, that 


e t hbe Earth would ſeem to deſcribe in the ſame 
ven lime to a Spectator in the Sun. 

darth Having thus ſhewn, that the annual Motion 
.d fi the Earth gives the Sun an apparent one 


the Ecliptic, we ſhall now proceed to en- 
are how the Variety of Days and Nights, 
ps to their Lengths and the different Seaſons 
the Year, are to be accounted for. In or- 
er to which we will premiſe the three fol- 
owing Obſervations. 


I. As the Earth turns round its Axis, there 
e two Points in its Surface which have no 
otion from thence, viz. the two Extremi- 
les of its Axis. Theſe Points are called the 
Foes of the Earth; that which reſpects the 
F 2 North, 
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North, is called the North Pole, the other Plan 
the South Pole. But every other Point telt 
the Earth's Surface deſcribes a Circle, which ura! 
will be greater or leſs, as the Point that de. ay 
ſcribes it is farther from or nearer to eithe er) 
Pole; and conſequently that Circle, whoſe de t 
ſcribing Point is equally removed from either MFG 
will be the largeſt of all. This Circle is cal. He! 
ed the Equator, by Mariners the Line; aii tl 
its correſponding Circle in the Heavens, g, 
that which the Plane of this Circle, were wif x 

to ſuppoſe it extended thither, would mark /: 
out, the Equinoctial Circle; and thoſe leſſe Ti 
Circles deſcribed by other Points of the Earth'Whe P 
Surface are called Parallels of this. he Li 


IT. The Axis of the Earth, as was obſerved 1 
above, making an Angle with the Plane nd it 
its Orbit of 23 Degrees and an half, does th Hater 
fame with that of the Ecliptic, thoſe twaffnd 1 
Planes being coincident one with another in 

Thus ſuppoſing the Line AB (Fig. 5.) to reſituati 
preſent the Plane of the Ecliptic ſeen edgewayselpec 
and the Circle DFE the Earth; the A gurt 
of it is not coincident with the Perpendiculayun's 
DE, but ſtands inclined in the Situation FGF tr 
ſuppoſing the Arch DF to contain 23 Degree 


and an half, And, 


| 440 7 
III. In whatever part of its Orbit the Earti * 


K, its Axis has the fame Inclination to thi i 
Plan Per. 
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it 0 
rhich 
t de. 
1ther 
e de- 
ther, 
Call. 
; ani 
8, 0 


plane thereof, and is every where parallel to 
elf : that is, if a Line be conceived as drawn 
parallel to the Axis while the Earth is in 
ny one Point of its Orbit, the Axis will in 
wery other Situation of the Earth be parallel 
o the ſaid Line. Thus ſuppoſing the Line 
G to repreſent the Situation of the Axis of 
he Earth when at DFG, and to be parallel 
o the Line HI; then when the Earth is at 
% or any other Part of its Orbit, its Axis 
will ſtill be parallel to the ſame Line 
HI /a). 

Theſe things being obſerved, let us imagine 
be Plane of the Ecliptic to be repreſented by 
e Line AB (Fig. 6.) ſeen edge ways as before. 
t the Point S repreſent the Place of the Sun, 


ſervehnd PE p the Earth, whoſe Axis let be Pp, 
ne nd its Poles P and p, the former the North, the 
es theater the South; and let Em be the Equator 
twahnd TC, RN, Cc. Parallels thereof. And let 


in the firſt Place conſider the Earth in the 
tuation KL, or directly beyond the Sun with 
epect to the Eye. It is evident from the 
AxiW'2ure, that in this Situation of the Earth, the 
iculaun's Place S is in the Plane of the Equator 
FO produced; and conſequently, while the 
egree Earth 


other 
tO re 
Ways 


{a) N. B. The Axis of the Earth deviates a little from its 
valleliſm every Revolution of the Earth about the Sun, but 
Au ſmall a Deg::e that the Conſideration of it is better o- 
o th(Fit*d in this Place 3 it ſhall be taken Notice of in the next 


Plan: 
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Earth revolves upon its Axis Pp, the Sun vil hat 
appear to deſcribe that Circle, and will enlight. 
en one Side of the Earth from Pole to Pole. 
Whence half of the Equator, and half of each 
of its Parallels RN, TC, &c. will be enlighten. 
ed thereby, while the other half being on the 
oppoſite Side the Earth, will be in the Dark 
And conſequently every Place on the Surface 
of the Earth, ſince it muſt deſcribe ſome one 
of thoſe Parallels as it is carried round by th 
diurnal Motion, will be as long in the Ligh 
as in the Dark ; that is, the Days and Night 
will then be of equal Length all over t 
Earth (6). 

But becauſe the Axis of the Earth is ever 
where parallel to itſelf, as was juſt now obſer 
ved ; when the Earth is carried by its annu: 
Motion into the Situation MO (which we wi 
ſuppoſe to be a quarter of a Circle diſtant 
from its former Situation, the Poles of t 
Earth being ſtill turned the ſame Way as be 
fore) it is manifeſt that the Sun's place S is nd 
now in the Plane of the Equator EQ prc 
duced, (for that would paſs below the Sun to 
wards L) but directly over C, a Point in thi 
Parallel TC; and therefore as the Earth re; 
volves about its Axis, all places of the Eart 


) When the Sun appears to enter the firſt Degree of 
Sign Aries, the Earth is in that Part of its Orbit where thel 
Phænomena happen. 
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1 wil 
ight. 
Pole, 
each 
hten- 


hat lie in this Parallel will come directly un- 
ger the Sun once in 24 Hours, as thoſe that 
Ly under the Equator did in the former Si- 
uation of the Earth : and fince the Rays of 
he Sun always enlighten one half of the Globe 
f the Earth at a Time, they will reach be- 
ond the North Pole as far as F; and on 
he other Side no farther than I. From 
thence it follows, that the Tra& of the Earth 
which lies within the Circle FG enjoys con- 
nual Day-light, while the Earth is in this 
Part of its Orbit ; and on the contrary, that it 
; continual Night to that Part of the World 
it lies within the oppoſite Circle HI : that 
the Sun will not appear to ſet in the for- 
ner, nor riſe in the latter. And farther, greater 
Portions of thoſe Parallels which lie between 
he Equator and the Circle FG will be in the 
Wluminated Hemiſphere than in the dark one, 
Ws appears by Inſpection of the Figure, in 
s beſhrhich the latter Hemiſphere is diſtinguiſhed 
15 108om the other by being ſhaded; and on the 


) ProWontrary, greater Portions of ſuch as lie be- 
un tVween the Equator and the Circle HI will be 
— nh the Dark, than in the Light. And hence 
m ſe 


is that the Earth being in this Part of the 
Vrbit, the Days are longer than the Nights 
Wn the Northern Side the Equator ; whereas 
n the Southern Side, the Nights are longer 
Fn the Days; and the Difference between the 


ngths of the Days and Nights is ſo much 
the 
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the greater, as the Place is more remote fron 
the Equator on either fide, becauſe the Di 
ference between the Portions of the Paralleh 
which are in the illuminated Hemiſphere, an 
thoſe which are in the contrary one, are preat. 
er the farther they are from the Equator 
But to ſuch as live under the Equator, D. 
and Night are in this Situation of the Eart 
alſo. equal to one another, one half of th 
Equator EQ being here alſo in the illumin; 
ted Hemiſphere (c). 

Let us now conceive the Earth to hy 
moved through another quarter Part of 
Orbit, and to be in the Situation KL agai 
but with this Difference, that it is now on t 
contrary fide the Sun to what we ſuppoſed! 
at firſt, In this Situation alſo it is evident, th 
the Plane of the Equator EQ being produ 
ced, will paſs through the Sun, and that ti 
illuminated Hemiſphere will paſs from Pd 
to Pole as before ; for we are ſtill to concen 


will t 


the Axis of the Earth parallel to its firſt Situ 1 
ation; ſo that the Sun will ſeem to deſcril 3 
the fame Circle in the Heavens, and th 4 * 
Days and Nights will be equal every when , \ 

Wet the 


Ce) In this Situation of the Earth the Sun appears to be 


the firſt Degree of Cancer, and to the Inhabitants of the Not 
ern Hemiſphere of the Earth introduces the Summer; W (4)1 


thoſe of the other, the Winter Quarter. Degree 
I the © 
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zz when the Earth was in the oppoſite Point 
of its Orbit d). 

But when the Earth has paſſed through an- 
other quarter of its Orbit (which we will ſuppoſe 
it to fave done, when it is in the Situation 
XY) its Axis Pp till remaining parallel to 
its former Direction, the Place of the Sun will 
now be vertical toR, a Point under the Parallel 
RN; fo that to all the Inhabitants that live 
under this Parallel, the Sun will be vertical 
nce in 24 Hours, as it was to thoſe who live 
under the Parallel TC, when the Earth was 
at MO; and that Portion of the Earth's Sur- 
face which is included within the Circle FG, 
will be wholly in the Dark, and that with- 
in the oppoſite one HI, will be wholly in the 
Licht; and leſſer Portions of the Northern 
Parallels will be in the Light than in the Dark, 
nd greater Portions of the Southern. So that 
the Inhabitants of the Northern Hemiſphere 
ail then have their Days at the ſhorteſt, and 
: Sin thole of the Southern at the longeſt. Thoſe 
ſor who live within the Circle FG will have no 
* Day, and thoſe within HI no Night. Tho 
| h Wo thoſe who live under the Equator, the Days 
nend Nights are in this, as in all other Situations 
f the Earth, of an equal Length, the Equator 

G being 


to be 
ie Not 
mer 


d) In this Situation of the Earth, the Sun enters the ficſt 
Degree of Libra, and makes Autumn to us, and ig to tuote 


n the other fide the Equator, 
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being every where cut into two equal Par 
by the Boundary of Light and Darkneſs (e) 


From 


{e) When the Earth is in that Part of its Orbit where thel 
Phænomena happen, the Sun is then entering the firſt Degree 
of Capricorn, and brings on Winter to us, and Summer to the 
Inhabitants of the other Hemiſphere. | 

There is another Way in which theſe Phænomena may be 
illuſtrated ; and that is as follows. Let 8 (Fig 7.) repreſen 
the Sun, and the Circle ABDD the Earth's annual Courſe roun 
it; EFGH the Earth, P the North Pole, RT the Arctic Circle 
IKLE the Tropic of Cancer, FNH the Northern half of f 
Equator ; the ſhaded Part the obſcure Hemiſphere, the othe 
the illuminated one: And let X be the Place of the Sign A 
in the Heavens, Y that of Cancer, M that of Libra, and 
that of Capricorn. 

When the Earth is in that Part of its Orbit that reſpet 
M or Libra, the Sun appears in the oppoſite one, wix. at! Deg! 
or in Aries; and the Circle GPE, which ſeparates the ligt Pol 
Hemiſphere. from the dark one, paſſes through the Poles of th 0:4 
Earth, and therefore cuts each Parallel of the Equator int the 
%o equal Parts, and thereby renders the Days and Nights Hare; 
very where equal. ) 

But while the Earth in its annual Courſe moves from M u, Poles 
wards O which we will ſuppoſe to be a quarter of a Circle ding. 
tant from it, its Axis being directed as before, the Pole 
will gradually advance into the illuminated Hemiſphere, aa, 

that Portion of the Parallels that are therein will continua ing b 
encreaſe until the Earth is arrived there: in which Poſiti at a 
the Boundary of Light and Darkneſs paſſes through FRE 
the Pole P, and all the Space within the Arctic Circle falling 
wholly within the illuminated Hemiſphere ; and thoſe Portion 
of the ſeveral Parallels that are in the Light, will be longedin the 
than thoſe which are in the Dark, all which is evident fronWyhich 
the Inſpection of the Figure. So that in the Northern HemiFte Da 
ſphere of the Earth, the Days will be at longeſt, and ti put 
Nights at the ſhorteſt. 

Again, as the Earth is moving from Q towards X, the Pol 
P begins to incline towards the Line that diſtinguiſhes Ligh 
from Darkneſs, for the like Reaſon that before it recedec 
from it; and therefore thoſe Portions of the Parallels that 2 


ill be 
| the Day 
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From this apparent Shifting of the Sun from 
one Side to the other, thoſe Parallels of the 
Equator, mentioned in the foregoing Expli- 
cation, have been diſtinguiſhed from the reſt 
by particular Names, as the two Tropics, and 
the two Polar Circles. The Tropics are TC 
and RN; the former is called the Tropic of 
Cancer ; becauſe when the Sun ſeems to de- 
ſcribe that Circle, it then appears to be in the 
firſt Degree of that Part of the Ecliptic which 
$ diſtinguiſhed by the Sign Cancer : the lat- 
ter is called the Tropic of Capricorn ; becauſe 
it that time of the Year when it appears to 
deſcribe that Circle, it is entering the firſt 
Degree of the Sign Capricern The two 
Polar Circles are FG and HI; the former 
the Arctic, the latter the Antarctic. Theſe 
ne juſt as far diſtant from their reſpective 
Poles, as the Tropics are from the Equator; 
vs, 23 Degrees and an half; this being a 
neceſſary Conſequence of the Sun's illuminat- 


ing but one half of the Globe of the Earth 
at a Time. 


G 2 | The 


n the Light gradually leſſen till the Earth arrives there; at 
Which Time that Line will paſs through it again, and ſo make 
the Days and Nights every where equal. 

But afterwards the Pole will begin to fall into the obſcure 
Hemiſphere, and ſo recede gradually from the Light, until 
he Pole Earth comes to Y; in which Situation not only the Pole, 
but the whole Arctic Circle will be involved in Darkneſs ; and 
thoſe Portions of the ſeveral Parallels that are in the Light, 
eil be ſhorter than thoſe which are in the Dark; fo that 
De Days will be at the ſhorteſt, and the Nights at the longeſt. 
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The Days and Nights being of an equi 
Length, when the Sun appears to be in thoſe 
Paints where the Equator cuts the Ecliptic 
(viz. the firſt Degree of Aries and Libra) they 
are from thence called the Equinoctial Point, 
and the Times of the Year anſwering therete 
the Equinoxes; one the Vernal, the other 
the Autumnal; and of the Equinoctia] Points, 
that where the Hcliptic croſſes the Equato 
in its Aſcent towards the North Pole, is call. 
ed the vernal Equinoctial Point; that when 
it croſſes it in its Deſcent towards the Sou 
Pole, the Aulummal; and a Circle imagined 
to paſs through them and the Poles of th 
Earth, is called the Equinoctial Colure. 

And becauſe when the Sun ſeems to deſcrib 
either of the Tropic Circles (that is, when | 
enters the firſt Degree of Cancer or Capri 
corn) it being about to revert to the Equator 
does as it were ſeem to ſtand ſtill, neither re 
ceding from, nor approaching towards it 
theſe Points are called the So/titia! Points 
and the Times of the Year anſwering there 
to are termed the two So/ftices ; the one 
the Summer, the other the Winter. And 
Circit conceived to paſs through the Poles c 
the Earth and theſe Points, is called the 85 
ftitial Colure, And laſtly, theſe four Point 
of the Heavens being thoſe in which the Su 
appears to be when the four Seaſons of the Ye 
(viz, the Spring, Summer, Autumn, and Wi 
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r) begin, are diſtinguiſhed by the Names of 
(ardinal Points. 

If a right Line perpendicular to the Plane 
of the Ecliptic be ſuppoſed to paſs through 
the Center of the Sun, and to be extended 
both ways to the Heavens, this Line is called 
the Axis of the Ecliptic; and the two Ex- 
remities thereof, the Poles of the Ecliptic. 
But this Line is oft conceived to paſs through 
the Center of the Earth inſtead of the Sun; 
for they are ſo near to each other with reſpect 
to the Diſtance of the Heavens, that the Dif- 
ference is not material. 

The Sun being not placed in the Center of 
thoſe Ellipſes which the Planets deſcribe in 
moving round it, but in one of their Foci, 
$8 was obſerved above, it follows, that they 
muſt be farther from the Sun in one Part of 
their Orbits than in another, And not only 
o, but they muſt alſo move faſter in one 
Part of their Orbits than in another; becauſe, 
as has been already demonſtrated in Part I. 
Chap. VIII. page 46. whatever Orbit a Body 
deſcribes, if it be retained therein by any cen- 
tripetal Force whatever, it will deſcribe equal 
Areas in equal Times; that is, it will move 
faſter in Proportion as it approaches nearer to 
the Body it revolves about, and flower the 
farther it is from it. And accordingly it is 
obſerved by Aſtronomers, that the nearer a 

Planet 
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Planet comes to the Sun in its Orbit, the 
ſwifter it moves. 4 

The Conſequence of this is, that the dun be 
does not appear to move uniformly along thy 
Fcliptic, but in ſome Days to deſcribe a preat. 
er Portion of it than in others. In Winter 
it moves the faſteſt, in Summer the ſloweſt, 
inſomuch that it takes up eight Days more 
in paſſing from the Vernal to the Autun. 
nal Equinox, than in its paſſage from the 


Autumnal to the Vernal; altho' in either of 1 
theſe Intervals of Time it moves through july, 
half of the Ecliptic (V. * { 

When an Ellipſe is conſidered as the OrbiM;n« 
of a Planet, the longer Axis thereof is called: 
the Linea Apſidum; and if the Focus F be te ue 
Place of the Sun (g), the Point A is called theMp,;+ 


Summa Apjis (b), or the Aphelion ; and then | 
oppolite 


Hence it is, that in one Part of the Year the Sun n C 
farther towards the Eaſt, and in another farther towards the 
Weſt, than it would ſeem to be, was its apparent Motion i 
the Ecliptic uniform ; ſo that it paſſes the Meridian ſometime 


ſooner, ſometimes later, than the Time at which a Clock that T. 
moves uniformly would indicate the Hour of Tele. Thi 

is one Reaſon that Sun-dials are obſerved to go ſometime ums 
flower, and ſometimes faſter. When the Sun appears too fat Co: 


toward the Eaſt, they are too flow; when it appears too 
much to the Weſtward, they are too quick. But fee this far 
ther explained, Chap. XIV. as a 

(g ) See Fig. 2. ; nſw 

(+) This is the general Name to diſtinguiſh that Point of: 
Orbit, in which revolving Planet is at the greateſt Diſtanc 
from the Body it revolves about. With reſpe& to a Body rt 
volving about the Sun, it is called the Aphe/ion ; but with reiß callec 
ſpect to the Moon conſidered as revolving about the Earth, |Which \ 


| jult 
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49 
oppoſite one B, the Ima Apis, or the Peribe- 


an. The Diſtance of a Planet from its A. 
phelion is called its Anomaly ; and this is of 
two Kinds, mean and real; the latter is its 
real Diſtance from its Aphelion; the former is 
that Diſtance at which it would be from it, 
{ppoſing its Motion in its Orbit to be uni- 
orm; and the Difference between theſe two, 
Aſtronomers call the Equation, or Proſthaphe- 
refs of the Planet. 

The Ellipſes the Planets deſcribe do them- 
klves turn round the Sun, though with a ve- 
y flow Pace, their Aphelia reſpecting ſome- 
imes one Part of the Heavens, and ſome- 
imes another. In this Age the Aphelion of 
he Earth's Orbit points towards the former 
Part of the Sign Capricorn. This is the rea- 
fn that the Sun is farther from us in Sum- 
mer than in Winter ; for the Sun appearing 


Sun b 
rds the 
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metime: 
zck that 
Thy 
metime 
too far 
ars 00 
this far 


n Cancer in the former Seaſon, the Earth is 
then in Capricorn, and therefore in its Apheli- 
, that is, its greateſt Diſtance from the Sun. 
The Sun being farther removed from us in 
ummer than in Winter, it may be aſked how 
t comes to paſs, that ſince the Sun is the 
Fountain of Heat, as well as Light, our Win- 
ers are ſo much colder than our Summers? In 
inſwer to this it is to be conſidered, that the 


nt of: 


Diſtan Rays 
Body te 
with I'S called the Apogron. And the Ima Ap/is is the neareſt Point, 


Earth, |Which with reſpect to a Body moving about the Sun is call- 
che Peribelion, but with reſpect to the Moon the Perigeor. 
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Rays of the Sun fall with much leſs Obliqui 
ty upon the Surface of the Earth on our fide 
the Equator in the Summer, than in the Win 
ter; and therefore they not only act more for 
cibly upon it, but a greater Quantity of the 
fall upon a given Place. Again; in the Win 
ter the Sun being much lower in the Hen 
vens when at its Meridian Height, than i 
Summer, its Rays paſs through a longer Por 
tion of the Earth's Atmoſphere, by whic 
reat Part are intercepted, and fome by vari 
ous Refractions and Reflections turned another 
Way (1). And laſtly, in Summer the Sun con 
tinues with us ſixteen Hours, and is abſent by 
cight ; whereas in Winter it is with us but eigh 
Hours, and is abſent ſixteen. All which thing 
conſpire to make a conſiderable Alteration wi 
reſpect to Heat and Cold. 

If this be ſo, why is not the Weather hot 
ter when the Sun is in the Tropic of Can 
cer, its Rays then falling with the leaſt Ob 
liquity, and paſſing the ſhorteſt Way throug 
the Atmoſphere, and the Days being then a 
the longeſt, than it is about a Month after 
wards, when the Sun is in the beginning « 
the next Sign? In anſwer to this it is to b 
remembred, that Bodies are not always the hot 
teſt at that very Inſtant the greateſt Degre 
of Heat is applied to them: they require I im 

{ 


(i) See the State of the Atmoſphere, Part Ih. Chap. III. 
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o heat as well as to cool; it is the Length of 
ime therefore that the Heat is applied to 
hem, as well as the Degree of it, that de- 
ermines the Quantity of Heat communicated 
0 them. 

For the like Reaſon we commonly find it 
yarmer about one or two of the Clock in 
the Afternoon, than at twelve, when the Sun is. 
nits Meridian Altitude, and its Rays fall thick- 
and moſt forcibly upon the Earth. 

The Sun appearing by means of the an- 
ual Motion of the Earth (as was illuſ- 
ated in the beginning of this Chapter) to 
ve from Welt to Eaſt in the Heavens, it 
appens, that if any Star riſes or ſets along with 
e Sun at any time, that Star will after 
| frw Days riſe or ſet before it; becauſe the 
un's apparent Place in the Heavens will be 
emoved to the Eaſtward of the Star. So that 
hoſe Stars which at cne time of the Year 
et with the Sun, and therefore never appear 
t all, ſhall at another time of the Year riſe. 
hen the Sun ſets, and ſhine all Night. And as 
ny one Star ſhifts its Place with reſpect to the 
un, and in Conſequence of that with reſpect 

the Hour of the Night, fo all the reſt do; 

d from hence it is, that all thoſe Scars which 
t one time of the Year appear on any one 
de of the Pole-Star in the Evening, ſhall 
alf a Year after, at the ſame Hour, appear on 
e contrary Side thereof. 

H CHAF, 
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CHAP. . Ex 


Of the Earth's annual Parallax, = 
Nutation of the Poles, and the Pre. 
ceſſion of the Equinoctial Points. * 
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Ince the Axis of the Earth is always pa * 
rallel to itſelf, it is in different Parts df n 
e Year directed towards different Parts df. 


the Heavens; and therefore to a SpeCtator a h 
the Surface of the Earth, who cannot be ſen. - 
ſible of his Change of Place, the apparen 
Places of the fixed Stars are different, whe 
viewed from oppoſite Points of the Earth 
Orbit. Thus let S (Fig. 8.) repreſent the Plac 
of the Sun, AB the Orbit of the Earth, an 
when the Earth is at A, let its Axis be direct 
towards the Point C in the Heavens; the 
when the Earth is arrived at B, the opp 
ſite Point of its Orbit, its Axis being pu 
rallel to its former Poſition, will be dire 
ed to a different Point in the Heavens, vi 
to D, as far diſtant from the former as t 
Point A is from B, that is, a Space equal to th 
Diameter of the Earth's Orbit: And thercto: 
to a Spectator on the Surface of the Eart 
the Places of the fixed Stars appear remo qa 
as far as from Cto D, viz. by the Quant 
ty of the Angle, CBD; or, becauſe the Lin 
AC and BD are parallel, by the Angle BC 


which is that under which the Orbit of tf" 
Earl 
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Farth would appear from a fixed Star at C. 
This Angle is by Aſtronomers called the 
te Parallax of the Orbis magnus, or the Earth's 
annual Parallax, 
If this Angle could be accurately taken, the 
5+ Distance of a fixed Star at C, with reſpect to 
that of the Sun at 8, might be found by the 
FW Rules of Trigonometry (a). But by reaſon of 
e great Diſtance of the fixed Stars, that Angle 
s ſo exceeding ſmall that it cannot be taken 
with any tolerable Accuracy, even with the 
beſt Inſtruments. It has appeared to ſome to 
contain about 47 Seconds of a Minute, ac- 
cording to which the Diſtance of the Stars 
muſt be five hundred thouſand Millions of 
Miles from us ; but to others, particularly to 
lam/iead, who has taken great Pains to ob- 
eme it accurately, it has appeared to contain 
put 42 Seconds, according to which the Diſ- 
ce of the Stars muſt be much greater. 
Altho' we hitherto have looked upon the 
t of the Earth as being always parallel to 
elf, yet it is not ſo, but is ſubject to a 
wofold Motion ; to the one is owing the Nu- 
H 2 tation 


e For the Angle DBC being taken by Obſervation, its 
qual ACB is had; and the Angle BAC, or SAC, ſubtends an 
ch of the Heavens that meatures the Diſtance between the 
Face of the Sun and the ſaid Point, and may therefore ea- 
be obtained: and conſequently, by the Rules of Trigonometsy, 

e Proportion which bs Ls AC or the Diſtance of the Star 
m the Earth, bears to the Line AB, which is double the 
as Diſlance, may be found. 
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tation of the Poles, to the other the Pre. 
ceſſion of the Equinoctial Points, which are noy 
to be explained. The firſt 1s a Deviation of the 
Earth's Axis from its Paralleliſm with itſeh 
twice in the Year, and a Returning to it as of 
For inſtance, the Inclination of its Axis to the 
Plane of the Ecliptic increaſes while the Ear 
is moving from the Solſtitial to the Equinodiy 
and diminiſhes as much in its Paſſage fron 
the Equinoctial to the Solſtitial Points. So thy 
the Inclination of the Axis of the Earth to th 
Ecliptic is, notwithſtanding this, at oppoſit 
Points of its Orbit always the ſame, Thi 
Nutation therefore does not in the leaſt inte 
fere with what was ſaid with regard to th 
Earth's annual Parallax, in which though v 
ſuppoſed that Axis always parallel to itſelf, y 
we confider'd it only in oppoſite Points of it 
Orbit. This is called the Nutation of th 
Poles (b). The other indeed claſhes a litt 
with our former Suppoſition; but taking 
ſingle Revolution of the Earth by itſelf, 
we have hitherto done, it is ſo ſmall as to 
quite inſenſible, tho' not ſo when we take 
many Revolutions together. Accordingly, þ 
comparing ſeveral Years together, Aſtronome 
have obſerved that the Axis of the Earth dt 
OE viate ow, 
) As the Inclination of the Axis of the Earth is thWition 
twice augmented and twice diminiſhed, while the Earth Mae ] 
volves about the Sun, in like manner it is twice augment: 


and twice diminiſhed in each Revolution of the Moon abi PET 
that. 
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Pre. Mhiates a little from the Direction it formerly had; 
noyotwithſtanding which Deviation, its Inclina- 
fon to the Ecliptic remains the ſame. To il- 
(\uſtrate the manner in which this Alteration 
in its Direction is made, let 8 (Fig. .) repre- 


oft 


rent the Sun, the Circle XEY the Earth, AB 
arme Plane of the Ecliptic, EL the Axis of 
2 which we will now ſuppoſe to paſs thro 


he Center of the Earth, and let P Q denote 
he Axis of the Earth. On the Surface of 
he Earth, and round the Points E and L, 
et us Conceive the two ſmall Circles PTX 


from 
) that 
0 th 


Olle 

7 nd QVY to be deſcribed. Then if at any 
inte Time the Poſition of the Earth's Axis is in 
to He Line PQ, as we have ſuppoſed, after ſe- 
ph eral Revolutions of the Earth about the Sun 
16, ii ſhall be found in the Situation CD ; and af- 
of r ſeveral more Revolutions it ſhall be re- 
F thMvoved into the Situation TV, Cc. the one 
lid de of the Earth deſcribing the Circle PC TX, 


nd the other QDVY : ſo that notwithſtand- 
ng this Change in the Direction of the Axis 
the Earth, its Inclination to the Plane of 
he Ecliptic remains the ſame, the Poles of 
he Earth being every where at the ſame Diſ- 
ance from E and L, the Poles of the Eclip- 
ic, But this Motion of the Poles is fo very 
ow, that they do not perform their Revo- 
ution in leſs than 25,920 Years, which is at 
ne Rate of one Degree in 72 Years. It 
performed in a Direction 6ontrary to that 


of 


eing 
elf, 
$ to 
take 
, 
nome 
rth ck 

vlate 
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Pantone 
OOn 25 


— 


56 Of the Preceſſion of Part InWhaj 


of the Order of the Signs, or from Eat Mur. 
Weſt, Which is termed by Aſtronomers, Wot | 
Moving in Antecedentia; whereas when a ByWoug 
dy moves according to the Order of the Sig 
its Motion is ſaid to be in Conſeguentia. rſt 0 
From hence it follows, that the Solſtitial Clo th: 
lure, which paſſes both through the Poles ¶ co 
the Ecliptic and of the Earth, muſt neceſſ 
rily turn round the Axis of the Ecliptic | 00 


the ſame Direction, or contrary to the Ord: 
of the Signs; and with that the Equinocti 
Colure alſo, becauſe theſe croſs one anoth: 
at right Angles in the Poles of the Earj 
Whatever Star therefore the EquinoCtial Poin 
are directed towards at any particular Ting 
after 72 Years they will not be directed 
the ſame, but to ſome other Star or Point! 
the Heavens, ſituated one Degree towards th 
Weſt. This Motion of the Equinoctial Point 
is called their Preceſſian. And from hene 
the Stars ſeem to move towards the Eaſt, ar 
thereby to have their Longitude (which is 4 
ways reckon'd upon the Ecliptic from till « 
vernal Equinoctial Point) increaſed. The Con 
ſtellations therefore ſeem all to have deſerts 
the Places allotted to them by the firſt Aſtron 
mers. For Inſtance, the beginning of the Sig 
Aries, which was near the vernal Equinoc 
tial Point, and gave Name to that Pointe 
the Ecliptic, is now advanced about an whol 
Degree forwards : So that Aries is now whe 
Taur, 
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1 rus uſed to be; Taurus where Gemini, c. 
ers Nit to avoid Confuſion, Aſtronomers have 
a BoWhought fit to let the ſeveral Portions of the 
Sib; cliptic, where theſe Conſtellations were at 


ſt obſerved to be, retain their old Names (c); 


11 Clo that the vernal EquinoCtial Point is till 
les N eckoned the firſt Degree of Aries (d). 
cell; 


(c) Thoſe Portions of the Ecliptic, where the Conſtellations 


be! ere at firſt, are called Araſtra, thoſe where they now are, 
Orde e ditinguiſhed by the Titles of Ste/lata. 

ot (4) The ancient Aſtronomers obſerving this Motion of the 
oth ed Stars, and not knowing how to account for it, conclud- 


j that they really had ſuch a Motion, and called the Time 
an entice Revolution of them, Annus Magnus, or the great 
ar. And imagined that when that great Year was ended, 
d the Stars reinſtated in their proper Places, all Things 
jould begin to be done over again in the World, not only 
the fame Order and Manner, but by the ſame Perſons they 
re done before. | 

The Cauſes of this Preceſſion, as alſo of the Nutations above 
ntioned, will be accounted for when we treat of the Cauſes 
| the Motions of the heavenly Bodies. 
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EH A F. VI. 


the 

g ; inf 

Of the Phænomena which ariſe fru of 
the Motion of the Earth and F 
the Inferior Planets, Mercury ani + 
ointly, 

| Venus conjorntly ve 
app 

Ince the Orbits of Mercury and Venus or | 
included within that of the Earth, it Hof 
evident neither of them can come t6 an Oi pea 
poſition to the Sun; that is, appear in the ol gre: 
polite Part of the Heavens with reſpect to i gree 
but muſt always accompany it in its appareſ ton 
Motion through the Ecliptic, juſt as the ume 
tellites of the primary Planets do in real fon 
aocompany them. But whereas they perfomff F 
their reſpective Revolutions about the 8 Plan 
in Periods different from that of the Ear Mor 
it is obvious they muſt be ſometimes on o For 


fide of the Sun, and ſometimes on the othe 
with reſpect to us; ſometimes be betwees il 
Sun and us, and ſometimes directly beyond! 
When they are between the Sun and us, thi 
are ſaid to be in their inferior Conjunctiu 
when beyond it, in their ſperior Conjunttim 
and when they appear to be removed the fa 
theſt from the Sun, on either Side, they af 
then ſaid to be in their greateſt Ego | 
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To illuſtrate this, let 8 (Fig. 10.) repreſent 
the Sun, ABCD the Orbit of one of the 
inferior Planets, ſuppoſe Venus; E the Place 

fron of the Earth in its Orbit; FG and HI a 
1 Portion of the Heavens. Then will A be the 
* Place of its inferior, C that of its ſaperior 
"Wl Conjuntion ; in both which Caſes it will a 
in the Heavens to be at K, which is "4 
apparent Place of the Sun. When it is at B 
or D, where a Line joining its Center and that 
of the Earth touches its Orbit, it then ap- 
rs at I or H, and is faid to be in its 
xe ol greateſt Elongation, which is about 48 De- 
to i grees (2). But this is liable to ſome Altera- 
daten don; becauſe as its Orbit is an Ellipſe, it is ſome- 
1c times nearer the Sun, and ſometimes farther 
realinM from it, in its greateſt Elongation. 
rſom From hence we ſee the Reaſon why the 
gu Planet Venus is ſometimes ſaid to be our 
Earth Morning Star, and ſometimes our Evening Star: 
For after it has paſſed its inferior Conjunction 
with the Sun, and is aſcending towards its 
uperior one, it is all that Time on the Weſtern 
ide of the Sun, and therefore neceſlarily riſes 


I every 
a) Hence the Diſtance of Venus from the Sun, with re- 
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7 
- Ipett to that of the Earth from the ſame, is found. For if in 
ne fue Triangle EBS, we take the Angle at E, when that at B 
„ey a * right ane, the Proportion between the oppoſite Sides is had 
ations. the known Rules of Trigonometxy. The Reaſon why the 
5 igle at B is not always a right one, is, becauſe the Orbit 


TW the Planer is not a Circle, but an Ellis. 
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every Morning before it, and is then our Morn. ar 
ing Star. On the other hand, while it de- its 
ſcends from its ſuperior to its inferior Con. Ar 
junction, it is to the Foaſtward of the Sun, and ha 
therefore riſes and ſets after it; and appears to 
us only in the Evening after the Sun is down. and 
Farther ; altho' the Motion of the inferia ! 
Planets in their Orbits is direct, or accord. ¶ con 
ing to the Order of the Signs, yet they fie. not 
uently appear to be retrograde, or to mon 
the contrary Way; and ſometimes to ſtand till 
When they are near their inferior Conjunctin 
with the Sun, they ſeem to move one Way, and 
when near their ſuperior Conjunction, they ap 
pear to go another. And at that Time whe 
their direct or progreſſive Motion is changing 
into a regreſſive one, or the contrgry, the 
ſeem to ſtand ſtill. All which may be i 
luſtrated in the following Manner. and tl 
Let ABCD (Fig. 10.) repreſent the OrbiWane | 
of the Planet Venus, S the Place of the Su betwe. 
E the Earth, FG a Portion of its Orbit, an 
HI the Sphere of the fixed Stars, as before 


and becauſe Venus moves faſter than the Earii Notice 
let us ſuppoſe the latter to ſtand ſtill, and tif the 
former to move with the Differences of theWot (ec 
Velocities: Then while Venus deſcribes thFens as 
Portion of its Orbit that is repreſented by DAmetin 
it will ſeem from the Earth to ve froſfeaſon 
H to I in the Heavens, which is contrary ined t 
its real Motion, and to the Order of the Signflalf ab. 


at 
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-und in moving over the remaining Part of 
de- its Orbit, it will ſeem to paſs from I to H. 
en- And was the Earth really to ſtand ſtill, as we 
and I have ſuppoſed, it would be ſtationary, or ſeem 
rs to Ml to have no Motion either Way, at the Points B 
vn, and D. 
eri But as the Earth does not ſtand ſtill, but 
ord- ¶ continues to move on in its Orbit, Venus will 
fre · ¶ not ſeem ſtationary exactly at the Points B and 
D; but during its Motion through a certain 
Part of its Orbit, as LM, where ſuppoſing the 
Lines EL and OM parallel to each other, 
their Orbits are ſo inclined to each other, that 
the Space LM ſhall be to the Space EO as 
the Velocity with which Venus moves is to 
inn that with which the Earth moves; for it is 
evident, that in that caſe the Earth will paſs 
through EO while Yenus paſſes through LM, 
and therefore it will appear all the Time in the 
nme Part of the Heavens, becauſe the Diſtance 
between thoſe parallel Lines is nothing, when 
t, an compared to that of the Heavens. 
There is alſo another Particular to be taken 
Notice of with regard to the apparent Motion 
f the Inferior Planets, viz. that they do 
Wot ſeem to deſcribe. the Ecliptic in the Hea- 
Wes as the Sun does, but are obſerved to be 
metimes above and ſometimes below it. The 
, frodſealon of this is, that their Orbits are in- 
rary Fined to the Plane of the Earth's, having one 
Sionflalf above it and the other below it, on which 
al 12 account 
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account they interſect the Plane of the Eci. 
tic in a Line that paſſes through the Center Mit: 
of the Sun (the Center of the Sun, as wa up 
obſerved above, being in the Planes of each Ms b 
Orbit.) This Line is called the Line of the Ear 
Nodes, and the two Points of the Ecliptic 
through which it paſſes when produced to the 
Heavens, are called the Nodes. Theſe Pla- 
nets therefore never appear in the Ecliptic ex. 
cept when they are in their Nodes, and in al 
other Parts of their Orbits ſeem to be mot 
or leſs diſtant from it, according as they an 
ſituated with reſpect to them and the Earth 
But if we ſuppoſe them to be ſeen from the Sun, 
their greateſt Diſtance from the Ecliptic wil 
be * they are fartheſt removed from thei 
Nodes. 

Their Diſtances from the Ecliptic, as i 
would appear if ſcen from the Center of the 
Earth, is called their Geocentric Latitude; 
as it would appear from the Center of the 
Sun, is called their Heliocentric Latitude. 

There is a remarkable Phenomenon relat. 
ing to the inferior Planets, which was not 
known to Aſtronomers, till diſcovered b 
the Teleſcope; and that is, that in their difte 
rent Situations with reſpect to the Earth, the 
aſſume different Phaſes, or Appearances, likq 
thoſe of the Moon, Which may be explain 
ed in the following Manner. 


V. Nchap. 6. from Venus's Motion. 63 


Let A, B, C, D, (Fig. 11.) repreſent the 
ter N situation of one of the inferior Planets (Venus 
ws uppoſe) in ſeveral Parts of its Orbit, and let 
ach Js be the Place of the Sun, and I that of the 
the MEarth in its Orbit KL : and if from the 
Center of the Sun to that of Venus in its 
fveral Stations we draw the Lines SA, SB, 
Fc. reſpectively; and at right Angles to 
theſe the Lines MN, MN, &@&c, theſe laſt 
Lines will repreſent Circles upon the Surface 
f the Planet, ſeparating the enlightened from 
e obſcure Hemiſphere, And if from the 
xrth to the Planet we conceive the Lines 
JA, IB, Sc. to be drawn, and at right An- 
ges to theſe the Lines OP, OP, &c. reſpec- 
wely, theſe latter will repreſent Circles ſe- 
ating that Part of the Planet which is turn- 
| towards us from that which is not, Theſe 
e may call Circles of Viſion. Now it is e- 
dent, that when Venus is in its inferior Con- 
action at A, the Circles MN and OP coin- 
de, and no Part of the Planet heſides its un- 
minated Hemiſphere is turned towards us; 
which Cafe it is inviſible, unleſs it happens 
t that Time to be in or near the Plane of 
e Ecliptic, which if it be, it appears as a 
ot upon the Surface of the Sun. When it 
ika advanced in its Orbit as far as B, there 
a ſmall Part of the illuminated Hemiſphere 
cluded between the Lines OB and BM, on 
at ſide the Circle of Viſion W 

© 
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the Earth; in which caſe, ſince by reaſon of jun 
its great Diſtance from us we cannot diſtin. Ncide 
guiſh the Convexity of its Surface, it appear phe 
as a flat round Surface, a ſmall Portion of MSitu 
which is illuminated, the reſt being dark; and Plar 
ſo appears horned, like the new Moon (0% Hinte 
When it has arrived at C, then is half is like 
illuminated Hemiſphere turned towards us puts 
and it appears as a round Surface, half of which 
is enlightened, and half not. When it ha 
got to D, then is the greateſt Part of its illu. 
minated Hemiſphere turned towards us, and 
it appears as a round plain Surface almotithe | 
wholly enlighten'd, or what the Aſtronome this! 
call gibbous. When it is in its ſuperior Con- 
junCtionMgot:o; 


(4) The Reaſon why Venus or any other Planet (the Mom Acco 
ſuppoſe) appears horned, when a ſmall Portion only of her | 
luminated Hemiſphere is turned towards the Eye of the Sper 
tator, will perhaps in ſome Meaſure appear from the Con 
deration of the 12th Figure. In which let ABCD repreſe 
the Planet Venus, or any other Body of a globular Form; whid 
that it might the better do, I have drawn ſome of thoſe G 
cles which are uſually found on Globes deſigned to reprela_Wne a: 
the Earth. Now if half this Globe be illuminated, and ha 
be in the dark, and if only ſo much of the illuminated Pa 
as is included within the Space ABCE be turned towards t 
Eye, the remaining Part AECD being obſcure, it is pla 
that the iFuminated Part ABCE, when the whole Surface A: rey: 
CD, by reaſon of the great Diſtance of the Globe, appears f 
muſt ſeem to be horned. And again, if the Space ABCE u 
a Portion of the dark Hemiſphere, and AECD of the illun 


nated, tis certain that when both are conſidered as making i Nenomei 


ed it 
ruth of 


one flat Surface, the illuminated Part muſt appear convex, « 
gibbous, on the Side AEC. which is contiguous to the un 
minated Hemiſphere ABCE, | 
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\ of Mijuntion at E, the Circles MN and OP coin- 
n- cide again, and the whole enlightened Hemiſ- 
ears here is turned towards the Earth; in which 
of WSituation the whole illuminated Face of the 
and punet is turned Ar we the Earth, and, if not 
þ) Wintercepted by the Body of the Sun, a 8 
ö its WM like — Moon at the Full After which it 
ts on the ſame Appearances again, but in an 
hicMinverted Order, till it arrives at A, where it 
has Ms in01 ble, as before (c). 
lu. What has been here illuſtrated with regard 
and to Venus, is to be underſtood in Reference to 
the like Phænomena of Mercury; only with 
this Difference, that the Orbit of Mercury be- 
ng leſs than that of Venus, its greateſt Elon- 
ration is not ſo great as that of Venus, not 
xceeding about 33 Degrees, Upon which 
\ccount this Planet is rarely to be ſeen with 
e naked Eye. And as Mercury revolves 
ound the Sun in leſs Time than Venus does, 
ts direct Motzons, Stations and Retrogradations, 
s alſo its Conjunctions with the Sun, ſucceed 
Ine another quicker than thoſe of that other 
lanet, 


ed Pa 

is phuf (e) Before the Invention of the Teleſcope, when Coper- 
face M revived the old Pyrthagorean Hypotheſis, it was objected to 
ears fun, that, according to that Scheme, Venus ought to aſſume the 
BCE Ae Phaſes with the Moon. To which he replied, that po: 


ieh ſome Means would be found out, whereby ſucceeding 4- 
ronomers would diſcover that it did ſo. The firſt that ob- 
ed it was Ga/li/zo, who thereby greatly confirmed the 


ach of the Copernican Syſtem. 
1 * H A P. 
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EMAP... 


Of the Phenomena which are 0win 
to the Motion of the Earth, and th; 


of the ſuperior Planets Mars, 
piter, and Saturn conjointly 


HE ſuperior Planets do not always fer 
to accompany the Sun, as we ha 
ſhewn in the foregoing Chapter that the i 
ferior ones do; but are ſometimes in Conjun 
tion with it, ſometimes in Oppoſition: : 
are liable, as was obſerved before of the P 
net Mars, to be ſeen at any Diſtance fr 
It, 

To illuſtrate this, let S (Fig. 13.) repreſe 
the Place of the Sun, ACE the Orbit of 
Earth, NRM that of one of the ſuperior P 
nets (ſuppoſe Mars) and let OP be a Porti 
of the Zodiac. Now ſince theſe Planets pe 
form their Revolutions about the Sun in e 
ferent Times from that wherein the Ea 
goes round its Orbit, it is poſſible, that w 
the Earth is at E, Mars may be at M, or it 
be at N ; in the former Situation, it is in Cc 
junction with the Sun, in the latter it is 
Oppoſition : or it may be at R, or at T, 
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in any Situation with reſpect to the Sun and the 
arth whatever. 
The ſuperior Planets have this in common 
vith the inferior ones, viz. that according as 
he Earth is ſituated with reſpect to them, 
hey ſometimes ſeem to move forwards ac- 
ording to the Order of the Signs, ſometimes 
ontrary to that Order; and between the Times 
ff their being thus direct and retrograde, they 
zm to ſtand ſtill, as ſhall be made evident 
the following Illuſtration. 
Things remaining as before in the thir- 
enth Figure, fince the Motion of the Earth 
quicker than that of Mars, let it be ſup- 
oled that Mars ſtands {till at N, and that the 
th is moving with the Difference of their 
lotions from B to C: It is obvious, that in 
5 Caſe Mars will ſeem to paſs from O 
D P, which is contrary to the Order of the 
ons; but while the Earth is paſſing over 
de other Part of its Orbit, viz. CAB, the 
anet Mars would ſeem to move back a- 
un from P to O, even though it had no Mo- 
n of its own. Since then it is moving that 
Yay all the Time, it neceſſarily ſeems to 
ove according to the Order of the Signs; 
o' with this Difference, that it ſeems to move 
er than it would do were it not for the 
otion of the Earth in the mean time. A- 
ogous to what was obſerved of the inferior 
nets (ſince Mars does not ſtand ſtill, as we 
K have 
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have ſuppoſed) it will not appear to be SrartimoſW 
when the Earth is at B and C, but during Mo 
Motion of the Earth through a certain Part M * 
its Orbit, as LH, which, ſuppoſing the Lp 
LN and HI parallel, is to the Portion the 
Mars's Orbit NI (through which that Planet MW" 
moving at the ſame Time) as the Celerity wi 
which the Earth moves is to that of Affe! 

What was faid in reſpect of the inferu i E. 
Planets, that they do not always appear in th 
Ecliptic, holds alſo with regard to the ſup 
rior ones. For their Orbits are alſo incline 
to that of the Earth, one Side of them bein the 
above, and the other below it; ſo that tho 
have alſo their Heliocentric and Geocentr 
Latitudes as well as the other, and are neve 
to be ſeen in the Ecliptic, but when they a 
m their Nodes. | 

What has been illuſtrated with regard oF 
Mars, is applicable to the other two ſuperio 
Planets, only with this Difference ; that th 
Motion of Saturn is more frequently chang 
ed from progreſſive to regreſſive, than that © 
Jupiter; as allo its Oppoſitions and Conjunc 
tions with the Sun are more frequent. Thi 
Reaſon of this is, becauſe as Saturn move 
much flowet than Jupiter, the former is mon 
frequently overtaken and paſs'd-by by theEart 
than the latter. And as theſe Phanomena hap 
pen ofter in Saturn than in Jupiter, fo * t 
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do more frequently in Jupiter than in Mars 
or the ſame Reaſon. 
do ſmall is the Diſtance of the Earth, with 
. Wrelpect co that of Jupiter and Saturn, from 
the Sun, that in whatever Part of their Orbits 
Wihcy be fituated with reſpect to the Earth, 
that Side of them, as to Senſe, which is turn- 
Wed towards the Sun, is always towards the 
Perch; on which Account they always appear 
to us as ſhining with. a full Orb. But it 1s not 
J with reſpect to Mars; for fince that Planet 
.* Wis not much farther removed from the Sun than 
dle Earth, it is obvious that that Side of it 
Which is turned towards the Sun will not al- 
{Ways be towards the Earth. For inſtance; 
ough when Mars is at N, and the Earth at 
A or E, its illuminated Hemiſphere is direct- 
y towards the Earth, yet it is turned away 
rom it conſiderably when the Earth is at B 
r C; at which time therefore it appears to 
rant ſomething of its uſual Rotundity, or to 
de Grbbous like the Moon, a little before 
"Wor ſoon after the Full. 
J As the inferior Planets Mercury and Venus 
are their reſpective Elongations from the Sun 
When ſeen from the Earth; fo the Earth, if 
e imagine it to be viewed from the ſuperior 
Planets, hath alſo its Elongation from the 
un. But this being a Phænomenon, which 
as not happened to our Aſtronomers to ſee, 
hey give it a different Name, and call it when 
K 3 at 
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at the greateſt, from a Phænomenon in the 1 
ſuperior Planets depending upon it, the Para Win 
lax of the Semidiameter of the Earth's annulthe 
Orbit in thoſe Planets: by which is meant, WM Me: 
the Difference between the Place in the Her Deg 
vens the Planet would appear in if ſeen from 
the Center of the Sun, and that in which i 
would appear if ſeen from the Center of the 
Earth, when at its greateſt Elongation from the 
Sun with regard to that Planet. To explain 
this, let N be the Place of the Planet, and 
B that of the Earth in its greateſt ElongatM,. 
on from the Sun, as ſeen from that Plane ad 
Then will the aparent Place of the Planet afſ=* 
ſeen from the Sun (that is, its true or Hel 
ocentric Place) be Q, but its Geocentric, or ap 
parent Place as ſeen from the Earth, will be ( 
Now becauſe the Arch QO ſubtends an An 
gle (viz. QNO) at the Planet which is e 
qual to SNB, viz, that which SB, the $& 
midiameter of the Earth's annual Orb 


ſubtends, the abovementioned Difference it ( 

the apparent Situation. of the Planet is call 

ed the Porallax of the Semidiameter of tb 

Earth's annual Orbit in that Planet (a). 

, , . p we | 

Ing t 

(a) Hence, as was obſerved of the Inferior Planets, the DW firſt 

tances of the ſuperior ones from the Sun with reſpe& tot on! 

of the Earth from thence, may be found. For in the Tua vn 

gle SBN, all the- Angles being known, the Relation betweeÞſo n 

the two Side BS and SN is had by the known Rules WF were 


Trigonometry. The Angle SBN is had from immediate 0. 


ſervatio 
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tie This Angle in Mars is but 42 Degrees, 


ral in Jupiter not above 11: In Saturn it is but 
nul the fourth part of the greateſt Elongation of 
Mercury ſeen from the Earth, viz. about 6 
Hee Degrees. So that fince Mercury by reaſon of 
is Nearneſs to the Sun is rarely ſeen by us, 


in all Probability the Aſtronomers in Saturn 
(if there be any) do not know that there is 
ſuch a Body in the Univerſe as our Earth. 


ſervation, as being ſubtended by an Arch in the Heavens be- 
tween the apparent Place of the Planet and that of the Sun. 
The Angle at N is equal to the Difference between the real 
and apparent Place of the Planet; the firſt of which is 
found by Computation, the latter by Calculation. In Jupiter, 
the beſt Way of finding that Angle is from his Satellites, the 
Method of doing which ſhall be ſhewn when we have conſidex- 
ed the Phænomena of thoſe Planets. . 


—_— — _— 


HAP. vn. 
Of the Phænomena of the Moon. 


Aving now finiſhed what relates to the 
Phenomena of the Primary Planets, 
we proceed to conſider” thoſe which are ow- 
ng to the Motion of the Secondary ones; and 

Wiirſt of the Moon, which is the conſtant and 
* re only Attendant of the Earth, and is always 
dete ſo near it, that if the. Earth and the Moon 
* Y vere viewed together from the Sun, the 
ſeryatio : Moon 
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Moon at ſuch Time as it would appear the 
fartheſt from the Earth would not ſeem t of 
be at a greater Diſtance from it than what of 
is equal to one third Part of the Breadth o fe 
the Sun's Body, as it appears to us. a 
Since the Moon is an opake ſpherical Body, Wl T 
and revolves about us in ſuch Manner as to wh 


paſs. between the Sun and the Earth, it ; — 
"blalutely neceſſary it. ſhould put on differ. W 
ent Appearances, according to its various b / 
Poſition with reſpect to the Sun and th 9 
Earth; its illuminated Hemiſphere being con- de 
ſtantiy turned towards the Sun the Pour. r 
tain of Light, and for that reaſon ſometime! 

a greater and ſometimes a leſs Portion of i: © 
turned towards us. To ſhew this, little need xt 
be faid, after ſo full an Explication of N 
ſeveral Phaſes of Venus, as was delivered u 
Chap. VI. nd 

When the Moon is between the Earth aul ap 
the Sun, that is, in Conjunction with the Sun n 
its whole illuminated Hemiſphere is turne * 
from us, in which Station it is ſaid to be h 
New; afterwards when by its Motion in tt — 
Orbit jt emerges out of. the Sun's Rays, . 


ſmall Portion of that Hemiſphere which | 
turned towards the Sun is alſo turned toward, 
the Earth, and then (as was obſerved of Yeny: 

the Moon, by reaſon of its great Diſtand 
from us, Song as a flat Surface, one Edg 
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the of that Sur face appears brighter than the reſt 
* of it, and ſo the Moon in this Situation ap- 
ge pears horned ; and becauſe it moves from Eaſt 
to Weſt, as was obſerved above, it at this Time 
zppears to the Eaſtward of the Sun; upon 
och ich account it ſeems to follow the Sun in 


ss daily Courſe, riſing and ſetting after it. 
. wpen the Moon is got to a quartile Aſpect, 
. Wu Aſtronomers call it, (that is, to the Diſtance of 
* quarter of a Circle in the Heavens from 
de ae Place of the Sun) then is half of its il- 
uminated Hemiſphere turned towards us, and 
half from us, in which Caſe it appears to us 
8a plain round Surface half illuminated, and 


con- 
oun- 
times 


4 alf not. When it has advanced a little far- 
eber it its Orbit, and got farther from the Sun, 
ed re of its illuminated Hemiſphere becomes 


ble to the Inhabitants of the Earth; whence 
t appears like a plain round Surface, ſome- 
hat defective of Light on that fide which 
from the Sun, and is ſaid to be Grbbous 
When it comes to an Oppoſition with reſpect 
o the Sun, it then turns the ſame Side di- 
rctly towards the Earth that is towards the Sun, 
Wit which time it appears to us wholly enlight- 
med, and is therefore called the ful! Moon. 
ind as it performs the other Part of its Re- 
Wiolution, it aſſumes firſt a g:6bous, then an 
bed, afterwards an horned Face; and when 
t arrives at its Conjunction with the Sun, it 
| diſappears 


1 an 
e Sun 
urne 
tO de 
in it 
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diſappears for a while, the obſcure part on 
being turned towards us, as before. 

When the Moon is horned, the darker He 
miſphere, or that which is turned from the 
Sun, has a faint Light diffuſed over it, ſuffi 
cient to render it viſible. This Light is ow 
ing to a Reflection of the Sun's Rays from the 
Surface of the Earth to that part of the Moon, 
For as the Moon when at the Full, by mean 
of its enlightene Hemiſphere which is the 
turned towards the dark Side of the Earth 
ſhines upon it, and affords a certain Degree 
of Light; ſo the Earth when the Moon 
at the New, has its enlightened Hemiſphere 
(or that fide where it is Dgy) turned tc 
wards the obſcure Hemiſphere of the Moon 
and enlightens that, but in a much greater 
Degree Tos the unilluminated Hemiſphere ol 
the Earth (or that fide where it is Night 
is enlightened by the u Moon; the Eart 
being conſiderably larger than the Moon. 
that as that Body is a Moon to us, our 
is a much larger and more luminous one tc 
that. 

The Time in which the Moon perform: 
one entire Revolution about the Earth fro 
any Point of the Zodiac to the ſame again, 
called a Periodical Month. This Month con 
fiſts of 27 Days, 7 Hours, and 43 Minutes 
But the Synodical Month, which is the Tim 


the Moon takes up in paſſing from one Con 
| junctiot 


1 
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intion with the Sun to another, is larger 
han this by about two Days and 5 Hours. 
he Reaſon of this is, that while the Moon 
paſſing from one Conjunction to another, 
he Sun by means of the Earth's Motion in 
s Orbit, is in appearance advanced towards 
he Eaſt; ſo that when the Moon comes round 
o that Part of the Heavens where the Sun 
s at the foregoing Conjunction, it is not 
en in Conjunction with it again, but has 
ich a Portion of the Heavens to deſcribe, as 
kesup ſo much more time, as, being added to 
e Periodical Month, makes it up 29 Days, 
: Hours, 44 Minutes, and 3 Seconds; which 
the Synodical. But perhaps the 14th Figure 
uy make this clearer : in which let S re- 
rent the Sun, E the Earth moving in its 
bit AB from A towards B, and let MNO 
note the Orbit of the Moon, and M its 
ace therein when in Conjunction with the 
un, Now while the Moon deſcribes. its Or- 
tMNO, let it be ſuppoſed that the Earth 
lvances in its Orbit _ E to e, in which 
iſe the Moon's Orbit will be found at mno, 
d the Point M will be at in the Line 
if we ſuppoſe it parallel to ES. And there- 
re when the Moon comes to m, it will 
we performed an entire Revolution about its 
bit; but will not be in Conjunction with 
Sun, but has {till the Arch mp to deſcribe 

L betore 
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before it reaches that Point of the Heavey 
in which the Sun will then appear to be, 
The Plane of the Moon's Orbit is not coin 


cident with that of the Earth, but makes with i n q 
an Angle of ahout 5 Degrees, cutting it i |; 
two Points oppoſite to each other, after thi S$ 
fame Manner as the Equator and the Ecl -. 
tic were obſerved to cut each other; fo that ih 7 
Moon does not ſeem to deſcribe the Eclipti 7 
in moving round its Orbit, but one half o 7 hi 
the Way it declines towards the North, tha. 
other half towards the South. The two Point 5 - 
where the Moon's Orbit paſſes through N I 
Plane of the Ecliptic, are called the Node ge 
and a right Line drawn from one of the ib. 
Points tothe other, will paſs through the Cen, 
ter of the Earth (that being in the Plane ol; 
the Moon's Orbit as well as in that of its ou vi 
and is called the Line of the Nodes. Thy... 
Node through which the Moon paſſes fron ! 
the South Side the Ecliptic to the Northern, 
is called the Aſcending Node; the other th gin 
which it paſſes from the North to the South; :. 
Side, is called the Deſcending Node (a). ug 
The Extremities of the Line of Nodes aff x1 
not always directed towards the ſame Point Fen 
of the Ecliptic, but continually ſhift then. . 
Places from Eaſt to Weſt, or contrary to the 
7 


ta ) Aſtronomers often expreſs the former of theſe Nodes by gave 
this Mazk Q, which they call the Dragen's Head; the li 
by & , which they call the Dragon's Tail. 
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Order of the Signs ; performing an entire Re- 
olution about the Earth in the Space of ſome- 
dung leſs than 19 Years. 
As was obſerved of the pri Planets, 
che Moon alſo moves not in a Circle, but in 
an Ellipſe, one of whoſe Foci is in the Cen- 
er of the Earth. And the Linea Apfidum 
of it is not carried along with the Earth in 
J Direction parallel to itſelf, but continual- 
ly turns round the Center of the Earth thro 
which it paſſes from Weſt to Eaſt, or accord- 
„Ing to the Order of the Signs, in the Space 
Wc: about 9 Years, | 

The Moon being ſubject to the Influence of 
the Sun as well as the Earth, it is not only 
able to various Irregularities in its Motion, 
but its Orbit is wont to put on different Forms 
ad Motions, all which depend on its Situation 
with reſpect to thoſe two Bodies, They are 
theſe that follow, 

I. The nearer the Moon is to its Syzigies, 
(that is, its Conjunction or Oppoſition with the 
Lon) the greater is its Velocity; and the nearer 
Wit is to the Quadretures (that is, the firſt and 

aſt Quarter) the ſlower it moves (G). 
l. It does not deſcribe Areas proportion- 
able to the Times, except in the Qua- 
fy dratures and Conjunctions. 
8 ; L 2 III. 


(% This Irregularity was obſerved by Ycbe Brabe, who 
Nodes bl ove it the Name of the Moon's Variation. 
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III. Its Orbit is fomewhat more curved in then 
Quadratures, than it would be it the Meade 
were only influenced by the Earth; and leg 
curved in the Syzigies, the Moon running farthe 
off from the Earth in the Quadratures than 
the Syzigies. 

IV. When the Earth is in its Perihelion Hunifo 
(that is, in that Part of its Orbit which is near 
eſt the Sun) the Periodical Time of the Moo 
is greater than when it is in its Aphelion, « 
fartheſt from the Sun: ſo that the Lun; 
Months of one Part of the Year exceed thoſ 
of another, 

V. The Linea Apfidum of the Moon's Ot 
bit goes forwards when the Moon is in the 
Syzigies, and backwards when in the Quadra 
tures; but it goes farther forwards than back 
wards every Time, ſo that at length it revolve 
quite round, as obſerved above, 

VI. The Excentricity of the Moon's Orbi 
is greater and leſs in every Revolution of th 
Moon; it is greateſt when the Moon is in the 
Syzigies, and leaſt when it is in the Qu 
dratures : and conſequently while it paſſe 
from the Quadratures to the Syzigies, ion ir 
is encreaſing; and while it paſſes from the 
Syzigies to the Quadratures it is diminiſhing, 
And if we compare ſeveral Revolutions of the 
Moon together, its Orbit is the moſt Excen- 
trical when the Situation of it is ſuch, that: 


the Linea Apfidum is in the Syzigies, and leut 


7 


when 
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when in the Quadratures. So that when both 
the Moon and the Linea Apfidum of its Or- 
bit are in the Syzigies, its Excentricity ſhall 
be half as great again, as when they both hap- 
en to be in the Quadratures. 

VII. The Line of the Nodes does not move 


lion Muniformly back wards, that is, contrary to the 
near order of the Signs; but when it is in the 
MoonWrzigies it ſtands ſtill, and moves the faſteſt 
1, of all when in the Quadratures. 


VIII. The Inclination of the Lunar Orbit 
0 the Ecliptic (c) is alſo liable to Change; it 
greateſt when the Nodes are in the Syzigies, 
d leaſt when they are in the Quadratures. 
All theſe Irregularities are greater when the 
arth is in its Perihelion, than when it is in its 
phelion; and alſo greater when the Moon 
in Conjunction with the Sun than in Op- 
ſition. 

IX. There is another Particular in the 
loon's Motion, which is by ſome reckoned 
mong its Irregularities; which is, that it 
oves faſter in its Perigeon, than in its Apo- 
ton; but this is not owing to any Perturba- 


on in its Motion ariſing from the Influence 
of 


of the) Some A ſtronomers meaſure the Inclination of the Moon's 
dit to the Ecliptic, not from the Ecliptic, but from a 
pendicular to that, and ſo call its Inclination 85 Degrees 
ad of 5, And fo of the Inclination of the Equator to 

Ecliptic ; reckoning that 66 Degrees and an half, aad 
t 23 and an half, as is the moſt uſual Way, 


80 Of the Phænomena Part Iv ch 


of the Sun; but is common to all the Pl 
nets, and is occaſion d only by its deſcribing 
equal Areas in equal Times in an elliptic; 
Orbit, as the other Planets do. 

All theſe Irregularities obſervable in thi 
Motion of the Moon, naturally flow from thi q 
Suppoſition, that the Earth and the Moy 7 
are retained in their Orbits by Gravity, lM 5 
the Manner laid down and explained in th; 5 
Introduction to this Part, as will appear whe A 
we have conſidered the Phyſical Cauſes of ti. 
Motion of the heavenly Bodies. 

The only uniform Motion the Moo 
has, is its Rotation about its Axis, which 

rforms the ſame Way, and in the ſ 4 
Time, that it does its Revolution about u e 
Earth. The Conſequence of this would b 
that if its Revolution in its Orbit were pe! 
formed with an uniform Celerity, and th 
Orbit were a Circle having the Earth in 
Center, and alſo if the Axis of the Moc 
were perpendicular to the Plane of that 0 
bit, the Moon would in all Poſitions turn e 
actly the ſame Side towards the Earth. I 
is fo obvious as to need no Illuſtration, ] 
ince its Motion in its Orbit is not unifor 
nor its Orbit a Circle, neither its Axis pe 
pendicular to the Plane thereof, the Mol 
does not keep the ſame Face exactly towa , 
us, but turns it a little, firſt one Way, th bie 
another; appearing thereby ſubject to a y =o 


fold 
ron 
the 


i 
to | 
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Ph fold Libration, viz, from Eaſt to Weſt, and 
"Som North to South. To the one of which 

Jie two firſt Cauſes abovementioned concur; 
he other is owing to the third. And firſt 
Wt illuſtrate that Libration which is from 
it to Weſt. Let the Elliptical Orbit BBB 

Fig. 15.) repreſent that of the Moon, let E 
Wh the Place of the Earth, and let the Circle 
BCD repreſent the Moon in its Apogeon 
tA; and for the preſent, let us ſuppoſe 
e Axis of the Moon perpendicular to its 
orbit. Then becauſe its Motion about its 
ig is uniform, and its Motion from its 
pogeon the ſloweſt of all ; it is evident, that 
tthe Time when it has revolved a quarter 
i the Way round its Axis and obtained, 


date doe the Situation FBCD, it will not have 
5 lyanced a quarter part of the Way through 


orbit; and therefore the Face BCD, which 


"Mo as turned towards the Earth at firſt, cannot 

be turned to I the Center of the Ellipſe, 
an ch les to E the Place of the Earth, but 
4; 7 d ſome other Place, as K, on the other Side 
0 of Center ; But when it has advanced to G, 


e lame Face BCD will be turned towards E, 


—_ at was when the Moon was at A; becauſe as 
F Ma has advanced half through its Orbit, it has 
pn 6 lvanced half round its own Axis. Again, 


it moves quicker in that Part of its 
a ti bit, that's near its Apogeon, it will have 

(Foceeded above z quarter part of the Way 
through 
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a 
through its Orbit, and ſo will have got into 
the Situation HBCD ſuppoſe, when it ha 
turned a quarter round its Axis; and that * 
Part of the Moon which was viſible when 


the Moon was at A, will be turned toward " 
K, as it was when the Moon was at F. on 
And it is obſervable from the Figure, tha p, 
the Face BCD, which was turned directly ©; 
towards the Earth at E, when the Moc ur 
was either at A or G, is, when the Moon Het 
at F, turned to the Right, or towards the 
Weſt, with reſpect to a Spectator viewing fer 
it from E; but to the Left, or towards the em 
Eaſt, when the Moon is at H. And this vi, 


the firſt kind of Libration which was to be 
explained As to that which is from North 
to South, it may be thus illuſtrated. Let H . 
(Fig. 16.) her: Av the Plane of the Moon 
Orbit, being ſuppoſed to be ſeen edgeways; 
let E be the Place of the Earth, and let thi 
Circle AMBm: repreſent the Moon, the Line 
AB being its Axis, and Mm one of thei 
Parallels of its Equator ; and when the Moon 
is at H, let the Point M be that which 
turned directly towards the Earth. Now when ee 
the Moon has revolved half round its i 
which will be when it has got to I the c e 
polite Point of its Orbit, the Point M wilfui 
be found at ; but becauſe of the Para r * 
leliſm of its Axis, not this, but ſome otheſſn of 
Point, as N, is that which is turned direct 
toward 
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wo cowards the Earth at E; fo that to a Spectatot 
bus WY at E, the viſible Part of the Moon librates 
that om North to South, and returns to its place 
vhcn once in each Revolution, one of the Poles 
vards 2s A being only viſible, when the Moon is in 
one Part of its Orbit, ſuppoſe at I, and the 
that Pole B only when it is at H ; becauſe the 
ectly Wl Circle repreſented by the pricked Line CD 
loon terminates the View of a Spectator at E, in 
on eicher Situation of the Moon (a.) 

O the As to the Surface of the Moon, whoever 
Winz views it with a good Teleſcope, will perceive 
s the eme Parts of it ſhining very bright, while 
his 8 thers are as dark and obſcure. The bright- 
to be M er 


et HI /«) It may be worth confidering here, what kind of Mo- 
ten the Earth ſeems to have to the Inhabitants of the Moon, 
f any ſuch there be. And firſt, we will ſuppoſe that the 
Hemiſphere; the Moon turns towards us, is always exactly the 
ame. In this Caſe it is evident, that to ſuch as live in the 
Middle of that Hemiſphere, the Earth mult always ſeem to 
be directly over their Heads; becauſe a Line drawn from 
ie Center of the Moon through the Place where they are, would 
a6 through the Earth: and to ſuch as live at the Extremity 
that Hemiſphere, the Earth muſt always appear in their 
Horizon. But ſince the Moon, as ſeen from the Earth, has 
ale libratory Motions abovemention'd, it is impoſſible that 
e Earth ſhould always appear directly Vertical to the ove, 
*in the Horizon of the other; but muſt ſeem always nearly 
t the ame Degree of Elevation; continually ſhifting its Si- 
tion from Faſt towards the Weſt, and from Weſt towards 
ie Faſt, and at the ſame time from North towards the South, 
d from South towards the North, according as the Libra- 
m of the Moon, 2s ſeen from the Earth, is made in that 
ime. 
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er Parts are thought by ſome to be Land, 
the other Water; becauſe leſs Light is re- 
flected from Water than from Land. But 
Keil is of Opinion, that ſome of thoſe darker I E. 
Places may be occaſioned by the Shadows of i 44, 
higher Places falling upon them, and other x 
may conſiſt of a Soil of a darker Colour, ... 
that reflects leſs Light than the reſt (5). How. M 
ever this be, it is moſt certain, that there 
are Mountains in the Moon, and thoſe very 
high ones. For when the Moon is viewed 
through a Teleſcope, the Line which fſepa- 


rates the illuminated Hemiſphere from the 
dark one does not appear ſtrait when the T 
Moon is halved, or uniformly bent when il” 6 
is horned or gibbous, as when we view i! de! 
with the naked Eye; but ſeems jagged" 
broken, and uneven ;' which evidently ſhey — 
that its Surface is ſo too: For if its Surfic i ber 
were ſmooth and even, no Reaſon could be g * 
ven why the Light of the Sun ſhould no kn 
reach as far in one Place as another. Bu ou 
the Boundary of Light and Darkneſs in n f. 
Moon is not only thus jagged and uneven, biſiſ de o 
ſome Parts even within the darkened Hem > 


"ſphere, that lie near the Edge of it, are en 
lighten'd by the Rays of the Sun long befo 
ſuch as lie nearer the illuminated Hemiſphere 
and continue ſo till after the Parts about the 


% See his Aſtronemy, Lect. X. 
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are in the Dark. Theſe therefore can be no 


of the Moon. 8 5 


other than the Tops of high Mountains, on 
which the Sun ſhines as it does on thoſe on 
Earth, both before and after it is viſible in 
the Vallies below. The perpendicular Height 
of a very remarkable Mountain in the Moon, 
called St. Katharine (c), has been found by 
Menſuration to be nine Miles, which is three 
Times that of the higheſt Mountain we have 
upon the Earth (4). 


(c ) See. the Names Aſtronomers have diſtinguiſhed the Parts 
of the Moon by, in a Figure annexed to the Lecture referred to 
in the foregoing Note. 

(4) The Method of Meaſuring the Height of a Mountain in 
the Moon is this: Let ABDE (Fig. 17.) repreſent the Moon, C its 
Center, SA a Ray of Light from the Sun, ABD the illuminated 
Hemiſphere, AED the Fark one, F the Top of a Mountain be- 
ginning to be illuminated. Then with a Teleſcope in which 
there is a Micrometer fixed, let the proportionable Lengths of 
the Lines FA and AD be taken. Then becauſe the real 
Length of the latter, which is the Diameter of the Moon 
s known, the true Length of the former will alſo be had. 
vince then the Line SAF is a Tangent to the Moon, the 
Triangle FAC will be a right-angled one, and FC will be 
is Hypothenuſe, whoſe Square being equal to the Squares of 
the other two Sides, it may from thence be alſo known. 
Now if from this we ſubſtract the Semidiameter of the Moon, 
the Remainder is the perpendicular Height of the Mountain, 
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CHAP. IX. A 
Of the Eclipſes of the Sun 4 
and the Moon. a Ci 


N Eclipſe is a Deficiency of Light in F 

f ſome of the heavenly Bodies, Occaft- dat 
oned by the Interpoſition of ſome other de- Nut 
tween that and the Sun. Thus when the Moon nd 
paſſes through the Shadow of the Earth, it ito! 
being by that means deprived of the Sunn, 
7 5 loſes its Brightneſs, and is then ſaid to 
ſuffer an Eclipſe. So when the Moon is in- 
terpoſed between the Sun and the Earth, the New 
Sun being in Appearance deprived of its Light, 
is ſaid to be eclipſed; though it is the Earth 
which is properly ſo, that, and not the Sun, 
being the Body where the Light is wanting" 
One primary Planet is never eclipſed by 
the Interpoſition of another; becauſe they 
are ſo ſmall with reſpe& to the Magnitude 
of the Sun, that the Shadow of any one d 
them ends in a Point before it reaches the 
Body of another. Thus when the Earth ö 
interpoſed between Mars and the Sun, it 
Shadow vaniſhes before it reaches to Mars. Andi ie 
even when the Moon is interpoſed between 
the Sun and the Earth, if the Earth be un. 
its Peribelion, and the Moon in its Apogeonſ 
at 
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it that Time, the Shadow of the Moon will 
not reach the Earth, and ſo the Moon will 
not ſeem to cover the whole Body of the Sun, 
but appear as a large dark Spot, ſurrounded with 
Circle of Light proceeding from the Limb 
or Edge of the Sun. 

„From what has been obſerved it appears, 
aß. dat there can be no Eclipſe of the Moon, 
de. but when the Earth is interpoſed between it 
nd the Sun, that is, at the Time of its Oppo- 
b. Mition, or when it is Full; nor any of the 

en, except when the Moon is between the 
Earth and the Sun, that is, at the Time of 
ts Conjunction with the Sun, or when it is 


: Fu New. And the Reaſon why theſe Eclipſes do 
joht not happen at every New and Full Moon, 
no” is, becauſe, as was obſerved above, the Plane 


f the Moon's Orbit is inclined to that of 
the Earth's, ſo that the Moon is ſometimes 


4 1 ove the Ecliptic, and ſometimes below it, 
they it the Time of its Conjunction with, or Op- 
inde olition to the Sun, in which caſe the Sha- 


low of the one paſſes above or below the 
tther (a). 
The 


(a) It is not requiſite to conſtitute an Oppoſition or Con- 
nttion of a Planet with the Sun, that it be in a right Line 
ut paſſes through the Sun and the Earth ; it may be in 
ly Degree of Bars it is capable of, and is nevertheleſs 
uid by Aſtronomers to be in Conjunction or Oppoſition with 
te Sun, provided it be in the ſame Part of the Zodiac, 
kat is, if it have the ſame Degree of Longitude therewith. 
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The only Time therefore in which Eciip. 
ſes either. of the Sun or Moon can happen, 


muſt be when the Nodes are in or near the po 
Syzigies, that is, when the Line of the Noch 0 , 
points towards the Sun, Now if the Line of th * 
Nodes always pointed towards the ſame Point * 


of the Heavens, or remained parallel to itſelf 
then the Sun appearing by means of the Earth'W: 8 
Motion to run through .the Ecliptic once; "Y 
Year, it is obvious that one Extremity of th. ) 
Line would point towards the Sun each halt 3 

Year: but fince this Line has a flow Motion,” 
contrary to that of the Sun, by which it re Mo 
volves round in nineteen Yeargas obſerved abo 
it meets the Sun with one or the other Ex 
tremity before it has got quite half round 
and ſo points towards it twice in ſomewhat 
leſs than half a Year : So that it ſometimes hap 
pens that it points towards the Sun three time 
within the Space of a Year, which is as oft 
as poſſible. And it frequently happens, tha 
the Sun being in its Approach towards one "7 
of the Nodes at the Time of the New d wy 
Full Moon, and near enough to occafion a 
Eclipſe then, the Moon ſhall get about to thi 
other Node, before the Sun be too far re 
moved from the former, and ſo there will be 
another Eclipſe then, Upon which accoun 
it is poſſible there may be two Eclipſes, whil 
the Sun is paſſing by either Extremity of tht 
Line of the Nodes; the one of which (if! 
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x at the New Moon) will be an Eclipſe of 
the Sun, and the other will happen at the 
next Full Moon, and will therefore be an 
V Eclipſe of the Moon; or if the firſt be at the 
© "Full, the other will be at the New. But if the 
„oon be within a Day or two of paſſing thro' 


yr one of its Nodes at the Time of its Con- 
"junction, it will paſs by the other without 


ſuffering an Eclipſe there. 

When it happens that the Moon is in one of 
ts Nodes at the Time of its Oppoſition to the 
dun, then is it ſaid to be centrally eclipſed, 
ts Center being then in a right Line with 
thoſe of the Sun and Earth. In this Caſe it 
b alſo totally eclipſed, every part of it be- 
ug hid from the Sun's Rays. But the Sha- 
bw where the Moon paſſes through, is about 
three times as broad as the Face of the Moon, 
ſo that it may ſuffer a total Eclipſe, though 
de at ſome Diſtance from the Node at 
Wie Time of its Opppoſition ; an Eclipſe 
berefore may be fotal, when it is not a 
W-entra/ One; but an Eclipſe of this Kind 
Will be of ſhorter Duration than the former. 
Farther, if it be fo far removed from the Node 
bat a Part of its Diſk only falls into the Sha- 
dow of the Earth, it is ſaid to be a par- 
tral Eclipſe, and is of ſhorter Duration than 
co Withe former. If the Moon be above 13 De- 

. 3 

© th grees from the Node, there is no Eclipſe. 

a The 


9 2 
Me 


% 


90 Of the Eclipſes of the Part IV. 
The Duration of a central Eclipſe of the , 
Moon, is about 4 Hours ; the firſt of which wh 
is taken up in entring the Shadow, tw - 
more it continues quite immerſed therein © 
and the fourth is ſpent in getting out. _ 

What is here ſaid, may be illuſtrated inf ©; 


the following Manner. Let AB (Fig. 18, - 
repreſent a ſmall Portion of the Plane of th ;, 
Earth's Orbit ſeen edgeways, CD a part of the 
Moon's Orbit, and let the Point where thek 
Lines croſs each other be one of the Node 
and E, E, &c. the Shadow of the Earth paſ 
ſing along the Ecliptic. If the Moon fall 
into the Shadow at N, it is both a total and 
central Eclipſe; if at O, it is total, but 
not central; if at P, the Eclipſe is onh 
partial. And if the Moon is at Q at thi 
Time of its Oppoſition, it then paſſes b 
the Shadow without being eclipſed at all % 

As all opake Bodies when illuminated b 
the Rays of the Sun caſt a Shadow from them 
ſo they have alſo a Penumbra, which is at 
imperfe& kind of a Shadow every where fur- 
rounding the former, and growing larger ant 


larger 


(5) We have hitherto ſuppoſed that the Shadow of the 
Earth reaches the Moon, as it would do, were it not f 
the Atmoſphere of the Earth, which by refracting the Sun 
Rays as they paſs through it towards the Earth, throws ther 
into its Shadow; which refracted Rays falling upon the Moc 
render it viſible to us, altho* placed within the Limits © 
the Shadow, and is the Occaſion of that reddiſh Colour, wiityurned 
which the Moon appears at that Time, 
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larger, as we recede from the Body. As the 
other is owing to a total Interception of the 
Rays of Light, this is occaſioned by a partial 
one, The 19th Figure will explain this bet- 
ter, 
Let ABCL repreſent the Body of the Sun, KI 
the Earth, and MN the Moon; and let the Lines 
AM, BM, Cc. be drawn as in the Figure; then 
will the Space MNG, within which none 
of the Rays can come, be the Shadow there- 
of, But it is evident that beſides this there 
ae other Spaces, viz. MDE and MEF, Ge. 
within which but Part of the Sun's Rays can 
come ; and the nearer thoſe Spaces are to the 
Shadow, the leſs Light they are capable of 
receiving. The Light which falls within theſe 
Spaces is called the Penumbra. 

This being premiſed, we may proceed to 
conſider the different Kinds of Solar Eclipſes. 

The Moon being ſmaller than the Earth, 
and having a conical Shadow, as being 
ao leſs than the Sun, a very ſmall Part of 
"Wie Surface of the Earth can be covered by 
the Shadow of the Moon at the ſame. Time, 
"though, as obſerved above, the whole Body of 
Ante Moon may be involved in that of the 
not Earth; ſo that an Eclipſe of the Sun is viſible 
e du but to a few Inhabitants of the Earth, where- 
wu one of the Moon may be ſeen by all that 
Juve on that Hemiſphere of the Earth that is 
turned towards it, 
N In 
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In order to conſtitute a central Eclipſe of ¶ th 
the Sun, it is not neceſſary that the Moon an 
ſhould be exactly in the Line of the Nodes H. 
at the Time of its Conjunction; for it is ſuf. 
ficient to denominate an Eclipſe of the Sun 
central, that the Center of the Moon be * 
directly betwixt the Center of the Sun and 
the Eye of the Spectator: for to him the Sun 
is then centrally eclipſed. But fince the Sha. 
dow of the Moon can cover but a ſmall Por. 
tion of the Earth, it is obvious this may hay. 0 

n when the Moon is not in one of her 
Ay And not only this, but the Sun may 
be eclipſed centrally, totally, partially, and mt 
at all, at the fame time. For inſtance, when 
the Moon is interpoſed between the Sun and 
the Earth, to thoſe who live where the Cen- 
ter of the Shadow paſſes (as in the Middle 
between F and G in the Laſt Figure 
the Sun will be centrally eclipſed ; to thoſe 
who live within the Shadow, but not in the 
Center (ſuppoſe nearer to F than G) total 
to thoſe who live in the Penumbra, as between the 
F and D, or G and I, partzally, and that mom 
or leſs as they live nearer or farther from 
the Shadow; to thoſe who live without the 
Penumbra, as between D and K, mot 4 
all. 

But as the Shadow paſles along the Sur 
face of the Earth, different Inhabitants, anc 
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thoſe very diftant ones, will ſee the ſame kind 
and degree of Eclipſe, though not at the fame 
Hour (d). | 


(4) For the Method of predicting Eclipſ-s, fee Nils Aſtro- 
nomy, Lect. XIV. Or Whifton's Aſtronomical Lectures, Lect. XII. 
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CHAP. X. 


OF the Phænomena of the Satellites 
of Jupiter and Saturn, their Eclip- 
ſes and Occultations : And alſo of 
Saturn's Ring. 


HE Satellites of Jupiter and Saturn 

are ſubject to the fame kind of Mo- 

tion with the Moon, except that their Or- 
bits, as far as can be collected from the Ob- 
lervations of Aſtronomers, are circular, or ve- 
ry nearly ſo; and therefore, if we ſuppoſe 
them to be ſeen from their Primary ones, 
they will exhibit nearly the ſame Phenomena. 
All the Satellites of Saturn revolve about 
it in almoſt the ſame Plane, viz that of 
is Ring; excepting the fifth, the Plane of 
whoſe Orbit deviates a little therefrom, Thoſe 
of Jupiter move alſo in a Plane that is pro- 
per to themſelves, and nearly coincident with 
N 2 that 
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that in which Jupiter itſelf moves about the Hier 
Sun, Far 
Theſe Planets, viz. the Secondaries both affe 
of Jupiter and Saturn, when viewed from ip 
the Earth, appear to have their Progreſſions, 
their Stations, and Retrogradations different 
from thoſe of their Primaries ; that is, Move: 
when a Primary is progreſſive, its Secondary i 
may be regreſſive, or otherwiſe ; and vice id tl 
verſa, For inſtance, when a Secondary is be- Muff 
ond its Primary, that is, in its ſuperior Con- fart 
junction with reſpect to the Earth, it ſeems 
to move according to the Order of the Signs; 
but when it is in its inferior one, it ſeems He d 
to move the contrary Way; and when itsMhhic 
progreſſive Motion is changing into a regretlive lan 
one, the Planet appears ſtationary. V 
To illuſtrate this; let 8 (Fig. 20.) repre - 
ſent the Sun, I the Planet Jupiter or Sa- Heri 
turn, BCG the Orbit of one of its Satellites, rpc 
and let EPF be the Orbit of the Earth. While is 
the Satellite paſſes through OHB, the ſupe- 
rior Part of its Orbit, it will appear from the 
Earth to move the fame Way with its Pri- 
mary; but while it moves through the re- 
maining Portion BL O, it will ſeem to go 
the contrary Way ; as is evident if we con- 
ſider that its Motion in its Orbit is quicker 
than that of its Primary, 
Theſe Satellites and their Primary ones mu- Nee 


tually eclipſe each other in the ſame man- bet 
ner 
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t the er in which it has been ſhewn that the 

Farth and the Moon do. But there are three 
both Miifferent Caſes in which the Secondaries diſ- 
from ippear to us. The One is, when a Seconda- 
ons, y is directly behind the Body of its Primary 
with reſpect to the Earth; this is called an 
(ccultation of the Planet: Another is, when 
t is directly behind its Primary with reſpect 
t the Sun, and ſo falls into its Shadow, and 
uffers an Eclipſe, as the Moon, when the 
Earth is interpoſed between that and the Sun. 


ſcemsMThe laſt is, when it is interpoſed between 
ons; Mie Earth and its Primary; for then it can- 
ſeems e diſtinguiſhed from the Primary itſelf, All 
n its chich may be illuſtrated in the following 
ctlive anner. | 


While the Planet deſcribes OHB the ſupe- 
for Part of its Orbit, it is capable of diſap- 
ring twice; once when its Primary is in- 
poſed between it and the Earth, as when 
is at G or K, or ſome intermediate Poiat, 
wording as the Earth is fituated at that 
ime; and alſo at H, where it is involved 
the Shadow of its Primary, When the 
e re- Marth is between F and Q, or F and P, 
to go at is, when the Sun is to the Eaſtward of 
con- Mſupiter, the Eclipſe .of the Secondary happens 
ucker Writ, viz. when it paſſes through the Shadow 
t H; and the Occultation afterwards, when 

mu- Ie Planet lies hid at K. When the Earth 
man- Þ between E and Q, or E and P, the Occul- 
| tation 
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tation is firſt, and the Eclipſe afterwards, Whij 
it paſſes through the inferior Part of its ( 
bit, it diſappears alſo, according to the Situs 
tion of the Earth, either at D or C; or wh 
it is between thoſe Points, being directly be 
tween the Earth and its Primary, and there 
fore not diſtinguiſhable from the latter. Whe 
the Satellite is at L in Conjunction with t! 
Sun, its Shadow falls upon its Primary, a 
eclipſes a Part of its Diſk, in like mann 
as the Moon, in the like Situation with 
ſpe& to the Earth, eclipſes a Part of that a 


(a) From the Occultations and Eclipſes of the Satellite: 
Jupiter, three notable Problems are determined: vix. 1. 


Parallax of the Orbit of the Earth in that Planet, and th ny e 
by (as we obſerved Chap. VII. in the Notes) its Diſtance er, 
the Sun. 2. The ſucceſſive Propagation of Light; and 3, | ot] 
Longitude of Places upon the Earth. te ot 
1. The Method of finding the Parallax of the Orbit of iſ: Ty 
Earth, is this: Let the Interval of Time which lapſes bet Dil 
the Middle of an Occultation of one of the Secondaries, (ut H 
poſe at G, and the Middle of its Eclipſe afterwards at Alte. 
which is the Time the Planer deſcribes the Arch GH in, be um 
Tes | 


ſerved. The Time then of its whole Revolution being knon 
that Arch itſelf may be had, which is the Meaſure of the 
Angle GIH, or its equal EIS, which is the Parallax of WF nade 
Orbit of the Earth ia that Planet. pen 
2. If Light were inflantanrous, a Spectator at P ee of 
ſee an Eclipſe of one of the Secondaries of Jupiter, at Pete 
ſame Time that he would do if on the contrary fide the Wie. 
at Q. But * = wines Obſervations, that when the EA This | 
is at Q, thoſe Eclipſes happen ſooner, and that when it 1s NN of 
P they happen later than they ought to do by Computaugls Obſe: 
Which fhews that Light takes up ſome time in paſſing f The ] 
Q to P. From Obſervations of this kind it has been cofciple 
puted by Romer, that Light is eleven Minutes in paſſing f: B 
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As to the Phænomena of Saturn's Ring, it 
obſervable, 1. That its Inclination to the 
ne of the Ecliptic is about 31 Degrees: 
That the Thickneſs of it is inſenſible; and 
therefore 


Sun to us; which 1s _— of $1 Millions of Miles : 
it has fince been found the more accurate Obſerva- 


of others, that it paſſes over that Space in about 7 


The Longitude of a Place is its Diſtance Eaſt or Weſt 
me other Place; and as Places lie more or leſs Eaſt or 
& one of another, the Hour of the Day in one is more 
th different from the Hour of the Day in the other. 
is, as Places differ jn point of Longitude, ſo they do 
mtionably in their Account of Time. For inſtance, if 
face lies fifteen Degrees to the Eaſtward of another, it 
ne Hour Mid-day there, when it is but Mid-day at 
aher: The Reaſon is, becauſe the Sun is an Hour in 
ig over each fifteen Degrees of its daily Courſe. In like 
wer, if a Place lies ſo many Degrees to the Weſtward 
other, the Sun comes an Hour later to that Place than 
he other; ſo that it is but Eleven of the Clock there, when 
Twelve at the other. And ſo proportionably for any o- 
* Diſtance. If therefore at two Places it be obſerved at 
it Hour the beginning of an Eclipſe of one of Jupiter's 
kelites happens at each of them, and if that Hour be not 
ume in both, the Difference will ſhew how far thoſe 
es lie Eaſt or Weſt of one another. Or if inſtead 
the Obſervation at one of the Places, an Almanack 
made uſe of, that ſhews the Time when the Eclipſe will 
bpen at that Place, and that Time be compared with the 
Uwe of its happening obſerved at the other Place, the Dif- 
ences between thoſe Times, if there be any, will ſhew the 


This Methad very rarely ſucceeds at Sea, becauſe the Toſ- 
of the Ship is inconſiſtent with the Accuracy required 
d Obſervations of this kind. 

The like may be done by obſerving the Time when an 
iple of the Moon happens, or when it comes to a fixed 
he a gy are Phanomena that are much leſs frequent 
| Omer. 
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therefore when it is fo ſituated, that the Plan 
of it, if produced, would paſs through th 
Earth, it becomes inviſible. Neither is 
to be ſeen when the Plane of it paſſes be 
tween the Sun and the Earth; for then thi 
Sun ſhines upon that Side of it which is turn 
ed from us; in which caſe, the dark Sid 
being next the Earth, it is not perceptible i 
us. But in this caſe a black Liſt or Cirdl 
appears to encompaſs the Planet, which in : 
Probability is no other than the Shadoy 
of the Ring thereon. The Extremities of thi 
Ring which appear on either Side the Plane 
are by ſome called its Anſæ. 


CHA Þ, IT 
Of the Comets. 


HE Comets are opake, ſpherical, and ſo 

lid Bodies like the Planets; and |: 

them perform their Revolutions about t 
Sun in elliptical Orbits, which have the Su 
in one of their Foci. The Particulars in whid 
they differ from the Planets, are,that they moy 
in various Directions, ſome the fame Wa 
with the Planets, others the contrary ; neithe 
are their Motions confined within the 20 
diac, their Orbits admitting of any Inclina 
110 
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on to the Ecliptic whatever: And the Ex- 
entricity of their Orbits is ſo very great, that 
me of the Comets perform the greateſt 
art of their Motion almoſt in right Lines, 
tending in their Approach to the Sun almoſt 
irectly towards it, after which they by 
t; and when they leave it, march again 
arly in a right Line, till they are out of 
foht, as if they were haſtening back to the 
fred Stars; and return not till after a Period 
or Many Years (a). 

As theComets approach the Sun,their Motion 
rows proportionably ſwifter, for they deſcribe 
qual Areas in equal Times about its Center, 
s the Planets do. Hence it is, that when 
i are in their Peribelia, that is, at their 
aſt Diſtance from the Sun, their Motion is 
umenſely ſwifter than when they are in their 
belia, or greateſt Diſtance from it. This is 
e Cauſe that they are viſible to us for fo 
bort a time; and when they diſappear, are 
long before they come near enough to be 
en again (5). 

The 
a) See a Portion of the Orbit of a Comet deſcribed, Plate I. 
g. 1. at abel. 
From the Obſervations of Aſtronomers, it ſeems probable, 
tthe Comet which appeared in the Year 1682 was the ſame 
ich was ſeen before in the Year 1607, and the Year 1531, 
| therefore may be again in the Year 1758, after 
Period of about 151 Years. And that the great Comet 


lich appeared in the Year 1680 was the ſame that was ſeen 
the Time of K. Henry I. in the Year 1106, and in 531, and 
in 
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The Ancients were divided in their Opinions 
concerning them, ſome conſidering them 2 
wandring Stars, others as Meteors kindled in M 
the Atmoſphere of the Earth, ſubſiſting for: 
Time, and then diſſipated : others looked up 
them as ominous Prodigies. But it is put 
beyond all doubt by the more accurate Obſer 
vations of the late Aſtronomers, that they arc 
a kind of Planets. That they are not Meteon 
is obvious, for if they were, they could not 
bear that vaſt Heat, which ſome of them i 
their Peribelia receive from the Sun. The 
great Comet which appeared in the Year 168 
was within a fixth Part of the Sun's Diamete 
from its Surface, and therefore muſt - acquir 
a Degree of Heat intenſe beyond all Imag 
nation (/. 


in the forty fourth Year before Chriſt, in which Julius CH r 
was murthered. If ſo, then the Period of this Comet | 
about 575 Years. There are between 20 and 3o that hayWccet 
appeared fince the Year 1337, but yo two Appearances (eel 
to belong to the ſame Comet, except thoſe aboyementions 
See Dr. Halle,'s Synopſis of the Aſtronomy of Comets, publiſhe 
at the End of Gregory's Aſtronomy, in which there is a Tab 
expreſſing the Motions of all the Comets that have been b 
therto duly obſerved. The Comet of 1680 was in one P. 
of its Orbit within half the Sun's Breadth of the Way 
(e) One Method by which Aſtronomers inveſtigate the: 
parent Courſe of a Comet, is this : They obſerve what t 
Stars are directly one on one ſide of the Comet, and the other 
the other which is done by holding up a Thread between the obe 
nd the two Stars, and extending it in ſuch manner, as that it i met 
ſeem to croſs each Star: then they look out two * Wy, a 

u 
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As to thoſe Phenomena of them which a- 
iſe from the Motion of the Earth; they 


* gree in a great Meaſure with thoſe of the 
I Planets. For inſtance, thoſe Comets which 


move according to the Order of the Signs, a 
little before they diſappear, become more than 
xdinarily fow or retrograde, if the Earth at 
it time be between them and the Sun ; but 
more than ordinary ſwift, if the Earth be on 
the oppoſite Side: and the reverſe of this 
pens to thoſe which move contrary to the 
Order of the Signs. This is occaſioned by 
Motion of the Earth, as was obſerv- 
d of the ſuperior . Planets : For when the 
Earth goes the ſame Way with a Comet, 
but with a ſwifter Motion, the Comet ſeems 
rtrograde ; when with a ſlower Motion, the 
omet's apparent Motion becomes flower; and 
then the Earth moves the contrary way, it 
comes ſwifter. 128 

Few of the Comets are to be ſeen in their 
lcceſs to the Sun, but in their Receſs ap- 
tar with long fiery Tails, pointing directly, 
r nearly ſo, towards that Part of the Hea- 
.O2 vens 


1 Situation alſo, that the Comet ſhall appear in a Line 


at paſſes from one to the other; which are found as before: 


te the Men they extend a Thread upon the celeſtial Globe, from 
what te of the two firſt Stars to the other; and another "Thread 
ie other Y one of the two laſt Stars to the other: and the Point on the 
een the: obe where the Threads croſs is the apparent Place of the 
that it u met at the Time the Obſervation was made. This they do 
her Star ey, and ſo trace out its apparent Courſe in the Heavens: 


I 
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vens which with reſpect to the Comet is 
poſite to the Sun. Some are viſi ere 
they reach the Sun, and begin to put for nm 
their Tails, which at firſt are ſhort and thin 
ſeldom exceeding fifteen or twenty Degrees ini 
Length, but grow longer and denſer as th 
Comet comes nearer the Sun. Ff the Come 
: near the Sun, it then ſends forth fie 
of Light every Way. After this it put 
forth a Tail forty, fifty or fixty Degrees long 
which as the Comet recedes er from th 
Sun, continually diminiſhes both in Leng 
and Splendor ; but is larger and longer at an 
Diſtance in its Receſs from the Sun, than 
an equal Diſtance in its Acceſs to it, 
This great Splendor and Length ofthe Tail 
Sir Jſaac Newton thinks ariſes from the HeaWilta 
which the Sun communicates to the Comet 
it paſſes near it; and accounts for it after i 
following Manner. As the Afeent of f 
Smoak in a Chimney is owing to the In end 
pulſe of the Air, with which it is entang 
(for the Air about a Fire being rarefied by th 
Heat thereof, has its ſpecifick Gravity there 
rendered leſs than that of the more diſtan if 
Air: Upon this account it aſcends, and ca 
ries along with it the Smoak with which it! 
engaged) in like manner he thinks the Ta 
of a Comet may riſe from the Atmoſpher 
thereof intothoſe Parts which are oppoſite to ti 
Sun, being carried up by the Ether —_ 


v! 1 
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met, rareſied to a very great degree by the Heat 
thereof. And thinks his Opinion greatly con- 
krmed by the Appearance of the Tails; for when 
xcurately obſerved, they are found not to riſe 
ways in a Direction preciſely oppoſite to the 
Mun, but to deviate or incline a little from 
Peace towards thoſe Parts which the Comet 
ifs lately left; and not only fo, but to be 
bent into a certain Curvature, the Extremi- 
ies of the Tails deviating from the true Op- 
ion more in proportion than the other 
Parts; and to be more denfe ſeemingly, and 
etter defined on the convex; than on the con- 
ave Side: And farther, that the longer 
be Tail is, the more ſenſible Þ the Cur- 
rue, as being the greateſt at eſt 
Diſtance from the Body of the Gabe Pi 
beſe Accounts he thinks it evident, that the 
Phenomena of the Tails of Comets 
| the Motion of their Heads, and that the 
ads furniſh the Matter which forms the 
Tails, For as in the Atmoſphere of the 
th, the Smoak of a Body aſcends perpen- 
cularly if the Body be at reſt, and oblique- 
if the Body be moved any otherways than 
iretly upwards, or downwards; ſo in the 
eavens, where all the Bodies gravitate towards 
e Sun, Smoak and Vapour muſt aſcend from 
te Sun, and riſe perpendicularly, if the ſmoak- 
Ws Body be at reſt; and obliquely, if the 
lotion of the Body be obiique to the Di- 


rection 
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rection the Vapour aſcends with. And becauſe 
the Force by which the Vapour aſcends, is 
ſtrongeſt near the Body of the Comet, the Ob. 
liquity with which it aſcends will be. the 
leaſt near the Body, and greater at greater 
Diſtances, and . conſequently the Column vil 
be incurvated or bent towards thoſe Parts the 
Comet leaves: And. becauſe the Vapour ir 
the preceding Side is ſomething more 
cent, that is has aſcended ſomething maſh... 
lately, it will be ſomething more denſe 9 55 
that Side, and on that account muſt refle Che 
more. Light, as well as be better defined ; the 
Vapour on the other Side languiſhing by de 
grees, and vaniſhing out of fight (d). 

This is the Sentiment of Sir. Jaac Newtm 
but I muſt beg Leave to differ from him | 
this Matter. For I think it fomewhat ir 
probable on account of the great Rapidi 
with which Comets move, that the the 
diffuſed throughout the heavenly Regions ſhoul 

gravit; 
(a) Some have ſuppoſed, that the Heads of Comets 
tranſparent, and that their Tails are no other than a Beam fore 
the Sun tranſmitted through them: But were the Heads at t 
Comets tranſparent, they themſelves would ſcarce be viſible ſe t 
Others, that they ariſe from the Refraction of the Rays « 
Light in their Way from the Comets to us: But if fo, tha tO Cc 
both the Planets and fixed Stars ought to have Tails alſo. at R 
aſcribed the Aſcent of the Tails to the Rays of the Sun f th 
rying the Particles of the Comet's Atmoſphere away with then ( C 
that is, impelling them into the Regions oppoſite to it.) th i 
we have no Inſtance of any thing in Nature like th. D 
this is therefore an Hypotheſis that cannot be ſupported. 
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mvitate ſufficiently towards the Sun (eſpeci- 
ly at Diſtances equal perhaps to twice that 
f the Earth from it) to cauſe the Vapours, 
x the Atmoſphere of the Comets, to aſcend 
to thoſe Parts, towards which the Comets 
re tending. For when a Body aſcends in a 
luid, as being ſpecifically lighter than it, its 
otion at or near the beginning of it, is very 
mall; fo that if the Fluid have but a ſmall 
Wegree of Motion the contrary Way, the Re- 
tance thereof will readily ſtop the Aſcent 
the Body, and will carry it the ſame Way 
MW moves itſelf. This is the Reaſon the Air, 
de ich cauſes the Flame of a Candle to aſcend, 
an ſcarcely blow downwards with ſo ſmall 
Degree of Motion, or (which is all one) 
te Candle itſelf can ſcarcely be lifted up 
ith ſo gentle an Hand, but the Flame will 
im downwards. How is it then likely, that 
hen a Comet moves with an incredible Ve- 
city (vi z. at the Rate of above a thouſand 
les in a Minute, as ſome of them do at 
de Time when their Tails rife almoſt directly 


Bean fore them:) How is it then likely, I fay, 
lead at the Ether ſhould by its Gravity alone 
Rays Wile theVapour of the Comet with ſuch Force, 
ſo, the to cauſe it to overcome its Reſiſtance, when 


. Ky 


Sun 


it Reſiſtance ariſes from fo great a Rapidity 
the Comet? Would it not rather carry it 


ich the 
it. dith it the other Way? And if we augment 
« aue Denſity of the Ether, and therewith its 


Gravity, 
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x the Thus, when a Burning-Glaſs is expoſed to 
e de the Sun's Rays, if there be the leaſt Smoak 
or Duſt hovering about the Glaſs, the Rays 
of the Sun, as ſoon as they are brought near 
enough together by the refractive Power of the 
Glaſs, render fo much of the Smoak or Duft 
as: they have yet to paſs through, very diſtin- 
MF euiſhable from the teſt. Indeed, by the accu- 
nie Reflection of the Glaſs, the Light of 
the Sun is brought to a Focus, wherefore 
the illuminated Space ends in a Point: 
but it happens not ſo to Rays refracted by 
the Atmoſphere of a Body ; becauſe the Ex- 
remities of an Atmoſphere do not refract near 
o ſtrongly as thoſe Parts which are near- 
er the Body. Let us now ſee how this Hy- 
potheſis will anſwer the Phenomena of the 
Tails. | 
When a Comet has been in its Apbelion, 
by means of its long Abſence from the Sun, 
the Vapours with which its Atmoſphere was 
ll, 'are now condenſed and fallen down, the 
WAtmoſphere itſelf grown cold, ſettled into its 
rural State, and reduced to a ſmall Compaſs; 
fore as the Comet approaches the Sun, 
ehe Tail of it is inviſible to us, or at leaſt 
pvears very ſhort : When it comes into the 
Potter Regions near the Sun, the Atmoſphere 
Wegins to rarefy and dilate itſelf, and new Va- 
pours riſing up into it, encreaſe the Quantity 
Matter therein, on which account the Tail 
P grows 


grows longer. When the Comet is in its Peri- Ide 
Helion, if it be then very near the Sun, by mean be 
of the exceſſive Heat thereof, not only the Ar. 
hinder Parts of its Atmoſphere are ſtrong y Ar. 
illuminated by refracted Light, but the otherſthat 
Parts of it by the direct Light of the Sun Hand 
ſo that the whole Comet, Atmoſphere and all Merce 
is as it were on Fire; which cauſes an inh- 
nite Number of Beams and Irradiations to be 
ſent out from every Part; in which State the 
Comet is ſaid to be Hairy. Afterwards whe 
the Comet has got to ſome Diſtance from the 
Sun, and this great Illumination ceaſes, and 
the Atmoſphere is extended by Rarefaction tt 
a monſtrous Size, and now more replete wi 
Vapours than ever, which like the Steam « 
a boiling Cauldron have been continually riſing 
into it, the Rays of the Sun have a great Wa 
to go within it, after they are ſo far refrace 
towards each- other, as to render the Atm 
ſphere viſible. - So that' the Tail now appe: 
at its greateſt Length; but from this Ti 
grows continually ſhorter and ſhorter (as H 
Atmoſphere by the Comet's loſing its He: 
contracts its Dimenſions, and the Vapour fla 
ing therein ſubſides on to its Body) till thy 
Comet is out of Sight. 

But the greateſt Difficulty is yet behind 
and that is, to account for the Deviation ffi 
the Tail of the Comet from thoſe Parts whi 
are oppoſite to the Sun, towards thoſe hi 
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Per; te Comet has left. For it will moſt certainly 
nean be thought, that, upon this Hypotheſis, the 
the 4xis of the refracted Rays, which is alſo the 
onghy Ait of the Tail, ought to be in a right Line, 
other that paſſes through both the Center of the Sun 
Sun and of the Comet. Now if we conſider the 
exceedirlg great Rapidity with which a Comet 
inh-Wmoves, and that the. Propagation of Light is 
to be Hot inſtantaneous, this Difficulty will alſo va- 
e theWniſh. For ſince Light is propagated in Time, 
that which paſſes near the Body of a Comet 
MWrill not, when it comes at the Extremity of 
ts Atmoſphere, enlighten a Portion of it that 
les in a right Line drawn through the Center 
of the Sun and the Place of the Comet 
where it now is, but where it was at the 
ing tant when that Light paſſed by it: And 
terefore the illuminated Point of the Extre- 
nity of the Comet's Atmoſphere, that is, the 
End of its Tail, will not be oppoſite to the 


ppeariWun, but always in a right Line, that paſſes 
Tim rough the Center of the Sun and a Point 
25 that the Orbit behind the Comet, or which it 
Hes lately left; as will readily appear to a- 


one that ſhall duly attend to this mat- 
fr, And becauſe this is true of every other 
ortion of the Tail, in proportion to its Diſ- 
ance from the Head, the whole Tail will 
kcline from thoſe Parts which are oppoſite 
the Sun, towards thoſe which the Comet 
s lately left, And thus is the abovemen- 
— 4 P 2 tioned 
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tioned Deviation to be accounted for. But it M Fx: 
muſt not be concealed here, that that ven ¶ De- 
ſucceſſive Propagation of Light, which occaſions N core 
this Deviation, is capable of augmenting c 7 
diminiſhing it in Appearance, or even of entire. 
ly taking it away, according to the Situation 
the Comet is viewed from. For, on account 
of the ſucceſſive Propagation of Light, ll 
diftant Bodies that are in Motion appear not 
fo far advanced as they really are; and the faſter being 
they move, and the farther they are from usMunce 
the greater is the Difference between their re 
and apparent Place. Let us then ſuppoſe, that 
the Extremity of a Comet's Tail 1s farther fro 
the Eye of a Spectator than the Body of titre 
Comet, by a Space equal to the Semidia 
meter of the Earth's: Orbit, then will Ligh 
be ſeven Minutes longer in coming from thi 
Extremity of the Tail than from the Head 
and therefore the Tail will a to be far 
ther behind its true Place than the Come bunte 
does, by a Space equal to that through whid 
the Extremity of the Tail moves in fever 
Minutes; and canſequently the apparent DeWtat | 
viation in this Cafe will conſpire with the t 
one, and render it in appearance proportional 
ably larger. Again, when the Extremity « 
the Tail is nearer the Earth than the CometWong t. 
then Light comes quicker from the formeſc Ta 
than from the latter, and therefore the Comdflt, th 
appears farther 0 il be 

. | {re 
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t u Extremity of its Tail does, and fo the true 
very Deviation appears the leſs, or not at all, ac- 
ions Micording as the Caſe may an 
er The apparent Deviation of a Comet's Tail 
tire-Mid:pends alſo on another Circumſtance, vi. 
tion ihe Situation of the Spectator with reſpect to 
the Plane of the Comet's Orbit; for when 
; Spectator is in the Plane of that Orbit, the 
Deviation becomes inſenſible to him, as not 
king able to diſtinguiſh nicely the exact Diſ- 
unces of the ſeveral parts of the Tail from 
is Eye: the farther he is removed out of 
hat Plane, the more ſenſible it becomes. 
There is another Particular, viz. that the 
tremities of the Comet's Tail deviates from 
be true Oppoſition more in proportion than 
te other Parts, ſo that they ate bent into 
certain Curvature : and farther, that they 
e more lucid and diſtinct on the convex than 
the concave Side. All which may be ac- 
punted for, if we allow the heavenly Regi- 
the leaſt imaginable Reſiſtance; for in that 
ic, the Atmoſphere of a Comet will be ſome- 
hat denſer on the Side towards which the 
met tends; and therefore the Light which 
les on that Side will ſuffer a greater Degree 
Refraction throughout its whole Progreſs 
ng the Atmoſphere, that is, to the end of 
e Tail, than ſuch as paſſes on the other: ſo 
at, that Side of the Tail which moves firſt, 
be more lucid and better defined ye 
0 
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the other: And becauſe this Reſiſtance wil 
make the greateſt Alteration in the extreme 
Parts of the Comet's Atmoſphere, the Ex. 
tremity of the Comet's Tail will deviate from 
the true Oppoſition more in Proportion than 
thoſe Parts which are nearer the Body; < 
that the Tail (at leaſt that fide of it which 
moves firſt) will become convex. And if th 
Refraction of thoſe Rays which paſs on that 
fide towards which the Comet tends, and « 
that account are moſt refracted, be ſo great 
as to cauſe them to croſs thoſe which pak 
on the other ſide the Comet, before they get 
out of its Atmoſphere, their Refraction being 
irregular, they will croſs the other diſperſed 
ly and in ſeveral Places, which, as is obvious te 
conceive, will neceſſarily give that other fide 
of the Tail a concave Form, and render il 
imperfectly defined. | 
Thus I have venturcd to throw in a Cor 
jecture of my own; but propoſe it rather as: 
Quere, than a Solution; leaving it to be far 
ther examined into by thoſe who may have 
had better Opportunities of acquainting them 
ſelves with Phenomena of this Kind. 'Yale 
quantum valere poteſt. 
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reme C H A P. . XII. 
Ex- 
fo Of the Parallax of the Heavy V. 


- Bodies. 


HE Difference between the apparent 
Places of the Heavenly Bodies, when 
ewed from the Center of the Earth, and 
when ſeen from the Surface thereof, is called 
their Parallax. To explain this, 
Let AB (Fig. 21.) repreſent a Portion of 
the Earth's Surface whoſe Center is C, HV the 
Heavens, and let APN be the Horizon of a 
hectator at A, and P the Situation of a Planet 
herein. The Place of this Planet among the 
xd Stars, as ſeen from the Center of the 
ch, will be M, which is called its true 
Face: But when view'd by a Spectator upon 
e Surface of the Earth at A, it appears in 


wa Horizon at N, which is called its apparent 
pi Place; and the Arch MN, which meaſures 
1 e Diſtance between the one and the other, 
Ju | the Parallax of that Planet. If the Planet 


e above the Horizon, as at Q, its true Place 

ſeen from the Center of the Earth is R, 
d apparent Place 8, and its Parallax is RS, 
hich is leſs than before. From whence we 
, the more the Planet is elevated above the 


AP Horizon, 
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Horizon, the leſs is its Parallax ; and when 
is got directly over the Place of the Spectato 
it has no Parallax at all; for when it is ; 
T, its apparent Place in the Horizon is at 
whether it be ſeen from Cor A. 

Ferther, by how much the more remote 
Planet is from the Earth, fo much the lek i 

its Parallax, at the fame. Heights from th 
Horizon. Thus if the Planet had been 
the Diſtance C D from the Center of th 
Earth, its Parallax, when in the Horizon 
D, would have been NO; and when int 
Line AQ produced, as at E, its Parallax woul 
have been meaſured by the Arch SF, be 
which are leſs than the former. 
The Angles MPN, and RQS, are calls 
the parallactic Angles, ſuppoſing the Plant 
at P or Q, and are equal, the firſt to 
Arch MN, and the other to the Arch Wy 
They are alſo equal to the Angle APC, QM 
AQC, which are thoſe under which ( 
Semidiameter of the Earth that paſſes througſc 
the Place of the Spectator, would appear 
{cen from the Planet. 

From hence it is obſervable, that the api 
rent Place of a Planet is always lower in tl 
Heavens than its real one, except when 
Planet is vertical, or at T. | 

As Aſtronomers, by means of the anna d. 
Parallax of a Planet, that is, the Parallax 
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hen ithe annual Orbit of the Earth, as explained 
above (a), compute the Diſtance of the Planet 
fom the Sun, with reſpeR to that of the Earth 
from thence ; ſo by means of this Parallax, 
they calculate the Diſtance of the Planet from 
the Center of the Earth with reſpect to the 


mote 
» les MPiſtance of the Surface of the Earth from 


The Sun is alſo liable to this Kind of Pa- 
lax; for it is evident that its Place among 
e fix'd Stars, when ſeen from the Surface 
f the Earth, may be different from that in 
phich it would appear if ſeen. from the 
nter of the Earth. Now could this Paral- 
be determined with Accuracy, the exact 

. Diſtance 


(a) See Chap. VI. and VII. 

(b) The Parallactic Angle APC being known, and the a 
AN, which is meaſured by the Arch of the Heavens VN, 
ing taken by Obſervation, which gives its Complement to 
o right ones PAC, from theſe two the third Angle PCA 
the Triangle APC is had. And conſequently by the Relation 


hroug | (the Diſtance of the Planet) bears to CA, the Semidiameter 
pear the Earth may be found. 
There are ſeveral Methods of finding the Parallactic Angle; 


te of which is as follows: 

Firſt, let it be obſerved when the Planet is between two 
'd Stars which are both in the ſame vertical Circle ; and 
erwards, when theſe two Stars appear ſituated in a Line that 
parallel to the Horizon, obſerve how much the Planet ap- 
rs below them; for the Planet being depreſſed by the Pa- 
lax, will at that time be lower than a Line drawn from one Star 
the other; becauſe the fix'd Stars are at too great a 
Mance to ſuffer any Parallax : The Arch of the Heavens 
rcepted between this Line and the apparent Place of the 
net is its Parallax ; allowance being made for the Motion of 
Planet between the two Obſervations. 
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0 
Diſtance of the Sun from the Earth might be 
known, and from thence, by the Method ex- 
plained above (c), that of the other Planes I l 
from the Sun. But the Sun's Diſtance from t. 
the Earth is ſo very great, and of conſe- th 
quence its Parallax is ſo very ſmall, that thei * 
Obſervations neceſſary for taking of it cannot D 
be made with ſufficient Accuracy. Aſtro- U 
nomers therefore have recourſe to the Pati. f 
laxes of Mars and Venus; which if they cou b 
be found, that of the Sun would alſo be had: M 
Becauſe the Horizontal Parallaxes of the Hes. 
venly Bodies, as we have juft been ſhewing, are 
proportionably leſs as their Diſtance is greater, 
Now when Mars is oppoſite to the Sun, it 
above twice as near to us, and its Parallax is 2. 
bove twice as great as that of the Sun. And J. 
nus, when in its inferior Conjunction with the 
Sun, is almoſt four times nearer than the Sun 
and therefore its Parallax is ſo many times greater 
Aſtronomers find, that the horizontal Parallax 
of Mars, when it is in Oppoſition to the Sun 
does not exceed 25 Seconds, and from thence 
conclude the Sun's to be about 10 Seconds 
With which Parallax of 10 Seconds if a Calcu 
lation be made, the Sun's Diſtance will be 
found about 81 Millions of Miles from the 
Center of the Earth. 
However, Aſtronomers need not be follict 
tous about the Parallax of Mars, ſince n 
Ha 


() See Chap. VI, VII. 
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t he Haley has laid down a Method in the Philo- 
ſophical Tranſactions (d), whereby the Paral- 
lax of the Sun may be had to ſo great a Nicety, 
that its true Diſtance within a goth Part of 
the Whole may be determined trom it ; vis. 
tte At the next Tranſit of Venus over the Sun's 
Diſk, which will happen on the 26th of May, 
tro. in the Year 2701 ; when, at five Minutes be- 
ar]. fore Six in the — Venus will appear not 
| above four Minutes of a Degree South of the 
Middle of the Sun's Diſk. 


(d) Numb. 348. 


CHAP. XIII. 


0f the Refraction of the Atmoſphere, 
and the Crepuſculum or Twilight. 


E find by Experience, that when Light 
enters a tranſparent Medium obliquely, 
either denſer or rarer than that in which it 
was before, it does not paſs ſtrait on, but its 
Courſe is bent at the Point where it enters, 
which bending is call'd its Refraction; and if 
F tbe Medium into which it enters be denſer 
than the other, the Light is then refracted to- 
wards a Perpendicular to the Surface drawn 
throngh the Point where it enters ; but if the 
Medium be rarer, it is then refracted or bent 
Q 2 the 


ſollici 
ce L 


Hal 
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the contrary way (a). It is from hence that Wo"! 
a Staff, having one End under Water and the 
other above it, appears bent or broke at the 
Surface of the Water, the Part below the Wa- 
ter appearing above its natural Situation, be- 
cauſe the Light that comes from thence is re. 
fracted or bent downwards at the Surface of the 
Water, where it comes out. Thus alſo the 
Stars near the Horizon appear above their true 
Places, on account of the Refraction which the 
Light that comes from them ſuffers in py F 
through the Atmoſphere of the Earth ( 
The Manner of which is now to be er- 
plained, © | 
Let then AB (Fig. 22.) repreſent the Sur 
face of the Earth, C its Center, DF a Portior 
of its Atmoſphere, and GI the Sphere of the 
fixed Stars, and let AH be the Horizon of 
Spectator at A, and let there be a fixed Star 
a Planet at K; and let KL be a Ray of Lich 
proceeding from hence. Now this Ray palliſ 
ing out of a Vacuum, or empty Space, into th 
Earth's Atmoſphere at L, will be refracted tc 
wards the Line LC, that being a Perpendiculat 
to the Surface of the Atmoſphere, at the Poin* 
where the Ray enters. And fince the ſupe 
rior Air is rarer than the inferior, the Ray if 
cont 


(a) See the Reaſon of this aſſigned, and the Manner of i 
largely explained, Part III. Chap. II. ming 

77 This has been already taken Notice of in Part I! 
Ghap. VII. in the Notes. | 
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ontinually entring a denſer Medium all the 
ray it goes; and fo 1s refracted every Moment 
downwards towards C, as at firſt, which will 
auſe it to deſcribe a Curve, as LA, and to en- 
er the Spectator's Eye at A, as if it came from 
, a Point above L; and ſince an Object ap- 
ars always in that Line in which the Ray 
aſſes when it enters the Eye (c), the Star will 
tem to be at G, and therefore higher than its 


that 
the 

the 
Wa- 


Lon me Place, and ſometimes above the Horizon, 
fling chen its true Place is below it; as in the Caſe 
ec us, where its Situation K is ſuppoſed to 


below the Horizontal Line AH. 

Thus it has often happen'd, that in an 
lipſe of the Moon, at which Time it is di- 
ly oppoſite to the Sun, they have both ap- 
red above the Horizon at the ſame Time. 
When a Star is in the Zenith, it is liable to 
ö Refraction; for then the Light that comes 
om it to a Spectator's Eye, enters the Atmo- 
here in a Direction perpendicular to its Surface: 
c the lower the Star is, the more obliquely 
te Light enters the Atmoſphere ; ſo that the 
rateſt Refraction of all is when the Star is in 


. PoinfWÞ* Horizon, and it is then 33 Minutes and 45 
ſupe conds ; but when the Star is 50 Degrees or 

Ray i" above the Horizon, its Refraction is inſen- 
conte (a). ‚ 


From 
e See the Reaſon of this, Part III. Chap. VIII. at the Be- 


ming. 
4 See Sir Jſaac Newton's Table of RefraQtions. Philoſoph. 
anſaft. Numb. 368, 
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From hence we ſet the Reaſon why the 80 

and Moon, when near the Horizon, do not ar 

of a circular F orm, as at other Times, 

of an Oval one, having their longeſt Diamets 

parallel to the Horizon. For their lower P; 

appear elevated by Refraction more than the 

ones, and conſequently nearer 

than they ought to do; while their Sides a 

equally etevated, and keep ae uk "iſt: 
from each other. 

It is not with regard to Refraction, as in t 
Parallax : The latter of which, as explanel 
the preceding Chapter, depreſſes the Sun o 
andthe Planets; and that according as * 
more or leſs removed from the Earth; 
the former elevates all the Heavenly Bode 
like, at whatever Diſtance they are rem 
from us. 

Farther ; were it not for the Atmoſphe 
which continually reflects the Light of thes 
from one Portion of it to another, and ther 
occaſions ſome of it to enter our Eyes, » 
way foever they are turned, and alfo throm 
upon thoſe Parts of the Bodies about us wi 
are not expoſed to the direct Light of the 
Beams, the whole Heavens would appear to 
ly dark and ſuch Bodies, or ſuch Parts of 
dies, as the Sun did not directly ſhine vil. 
would be inviſible, and theStars would appe 
Noon-day. But the Atmoſphere of the E 
being ſtrongly illuminated by the Beams of 
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wn, they are reflected to us, and to other Bo- 
from all Parts; fa that the whole Atmo- 
ere is enlightened, and every thing therein is 
nder 'd viſible; while the fainter Light of the 
urs, which would otherwiſe appear, is obſcured 
gd eclipſed thereby. 

Beſides, though the Sun immediately before 
lets, would in this Caſe ſhine with the ſame 
cohtneſs as at Noon, yet the Moment it was 
t it would be quite dark, Whereas, by 
ans of the Atmoſphere it happens, that al- 
ugh none of the Sun's direct Rays can come 
us after it is ſet, yet we {till enjoy its reflect- 
Light for ſome Time, and Night approaches 
Degrees. For after the Sun is hid from our 
es, the upper Parts of the Atmoſphere remain 
rome time expoſed to its Rays, and from 
ace the whole is illuminated by Reflection. 
tas the Sun grows lower and lower, that 
non of the Atmoſphere which is above 
Horizon becomes leſs cnlighten'd, till the 
| has got eighteen Degrees below it, after 
un ch it ceaſes to be illuminated thereby (e), till 
it 


ſphe 
the 
there 


$1? 


10 | 

Ar WS) Hence it is, that during that Part of the Year in which the 
is of erer eighteen Degrees below the Horizon, there is a con- 
= Twilight from Sun-ſetting to Sun-rifing. Now that Part 


e Year, in the Latitude of London, is while the Sun is paſſing 


appei bout the fifth Degree of Gemini to the twentieth of Cancer, 
he E from about the 1 pet of May to about the 7th of July. 
me Philoſophers tell us, that the Height of the Earth's At- 


ere may be determined from the Duration of the Twilight, 
de following Matmer. Let ABD (Fig. 23.) repreſent the 
Karth 
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it has got within as many Degrees of the Eaſt 
ern Side of the Homzon, at which Time it he 

gu 
Earth ſurrounded by its Atmoſphere GEF. Through A, d 
Place of a Spectator, draw the Tangent AH paſſing through 
Extremity of the Atmoſphere at E, from whence draw the Li 
ES, touching the Surface of the Earth in B, as alſo from the Cente 
C, the Lines CA, CE and CB. Now, ſay they, fince the Crepuſ 
culum is owing to the Reflection of the Sun's Rays, by the Partid 
of which the Atmoſphere conſiſts, it muſt end at ſuch time 4 


Rays of Light coming from the Sun, and paſſing cloſe by d 
Surface of the Earth, are reflected from the Top of the Atme 


ſphere to the Spectator's Eye; and therefore knowing hoy f | 
e Sun is below the Horizon at that time, we may know th tity 
Height of the Atmoſphere. Thus let 8 be the Place of the $y de 
when the Crepuſculum ends, SE a Ray of Light paſſing cloſe} 
the Earth at B, and reflected from E (a Particle at the Top of i (tor 
Atmoſphere) into the horizontal Line EA, to the Eye of ill 
Spectator at A; then will the Angle HES be the Meaſure « 
the Sun's Diſtance below the Horizon. And becauſe EB and 28” b 
are Tangents to the Earth, the Angle ACB at the Center will M uric 
equal to HES, or eighteen Degrees ; and half of the fame Ar! 
namely ACE, will be nine, from whence EI, the Height of 
Atmoſphere, which is the Exceſs of the Secant EC above Hon 
Radius CA or CI, is had by Trigonometry : ſee Keil's Aſtomi bort 
LeR. 20. But this way of arguing is founded on a Suppolitiat the / 


that Rays of Light cannot come to a Spectator's Eye after moi 
than one Refraction in the Atmoſphere ; the contrary to n 
ſeems evident, as I ſhall ſhew in the following manner. Let AM: 
(Fig. 24.) repreſent the Earth, A the Place of a SpeRator, H 
his Horizon, MN R a Portion of the Earth's Atmoſphere, utc 
TVW an Arch of the Heavens; and let 8 be the Place of t 


Sun leſs than 18 Degrees below the Horizon; and let the Eil 
SAI touching the Earth be drawn. It is well known that min- 
this Caſe, ſo much of the Heavens as is not intercepted by N nex 


Earth from the Spectator's Eye at A, will ſtill appear enligitWy con 
ed; that is, in other Words, Light will flow to the Spetiered 
tor's Eye from every Part of that Portion of the Atmoſphere Mich i; 
lies between P Q ſome therefore will come from te, my 
Particles that lie within the Space PAE. But theſe Particles © 
not be enlightened by the dire& Rays of the Sun; for — 5 

» al 
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zins to illuminate the Atmoſphere again, and 
n Appearance to diffuſe its Light throughout 
the Heavens, which continues to encreaſe till 
the Sun be up. This Light, whether in the 
Morning before Sun-riſe, or in the Evening 
aer Sun-ſet, is called the Crepuſculum, or 
Twilight ; and is ſuppoſed to begin and end 
when the leaſt Stars that can be ſeen by the 
uked Eye (vig. thoſe of the fixth Magnitude) 
aſe or begin to appear. 

But as * Twilight depends on the Quan- 
ity of Matter in the Atmoſphere fit to reflect 
de Sun's Rays, and alſo on the Height of it, 


poi (or the higher the Atmoſphere is, the longer it 
1 of vil be before the upper Parts of it will ceaſe 


b be illuminated) the Duration of it will be 
rious. For Inſtance in Winter, when the 
iris condenſed with Cold, and the Atmoſphere 
on that account lower, the Twilight will be 
ſorter ; and in Summer, when the Limits of 
be Atmoſphere are extended by the Rarefac- 
on and Dilatation of the Air of which it con- 
jits, the Duration of the Twilight will be 
mater, And for the like Reaſon the Morn- 


here, 

ace of t 

t the larily paſs above the Line AE, theſe therefore themſelves are 
vn that minated by reflected Light. Since then theſe afford Light, 


id nearly as much as any of the reſt, it is evident, that Rays 
uy come to a Spectator's Eye, and in great Plenty, after having 
* two Reflections. And therefore that Demonſtration, 
uch is built upon a Suppoſition that ſuch Rays can ſuffer but 
"ut fall to the Ground. 

R 
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ing Twilights, the Air being at that Time con. 
denſed and contracted by the Cold of the pre. 
ceding Night, will be ſhorter than the Even- 
ing ones, when the Air is more dilated and ey. 
panded. 

Another Effect that the Atmoſphere has up. 
on the Rays of the Sun is, that it intercepts 
conſiderable Part of them in their | 
through it. By which Means it happens, tht 
when the Sun is near the Horizon, it appear 
les luminous and bright than when it is mer 
elevated ; for the nearer the Sun is to the H 
nizon, the greater is the Portion of the At 
ſphere through which the Rays of the 
malt pass to come to a Spectator's Rye. N 
Inſtance, in Fig. 23, where ARD repreſents ! 
Earth, ſurrounded by its Atmoſphere GEF, 
A the Place of a Spectator ; it is obvious, th 
when the Sun is in or near the Horizon, fi 
— H, its Rays muſt paſs through a gre 

jon of the Atmoſphere to come to © 
SpeQtatar's Eye at A, than they would do it d 
Sun were ſituated in any Part of the Hears 
above the fad Pont, 


( 125) 
CHAP. XIV. 
Of the Doctrine of the Sphere. 


HE Subject of this Chapter re- 

lates chiefly to the Explanation 
of thoſe Circles which Aſtronomers, for 
the better diſtinguiſhing the Places and 
Motions of the heavenly Bodies, con- 
tive to be deſcribed within the Sphere 
of the Heavens. Some of theſe have 
ready been defined ; but that the 
Reader may have a compleat View of 
their Definitions all together, I ſhall 
_ them here in their proper 


Theſe Circles are of two Kinds, viz. 

o de greater and the ſmaller. 

te Ag t Circle is that which divides A great 
Care te Sphere into two equal Parts, hay- Onde. 
by the ſame Center therewith. 

A leis Circle divides the Sphere into a 1 
equal Parts, having a different Center Cit. 
tam that of the Sphere. 

Theſe are fometunes called parallel Paraitel 
ircles, and receive their Denomina- © 
H a Woons from ſome great Circle to which 
dey are parallel. Thus, letter Circles 
R 2 run- 
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running parallel to the Equator, are 

called Parallels of the Equator; and 
ſo of the reſt. J. 
The Poles The Poles of a Circle are two Points 
_ ir in the Surface of the Sphere, every 
where equally diſtant from the Circle, 
Axis of a The Axis of a Circle is an imaginary 
Circle. Line ſuppoſed to paſs through both its 
Poles : Or, that paſſes through its Cen- ; 
ter, and 1s perpendicular to its Plane. 8 
geconda- The Secondaries of a Circle are ſuch 
ries cf a as paſs through both its Poles. Theſe 
Circle. therefore cut it at right Angles in two 
Points oppoſite to each other, and are 
therefore always great Circles, * 


The Circles of the Sphere are alſo 
diſtinguiſhed into fixed and moveable. 
A fixed A fixed Circle is that whoſe Situation 
Circle. depends not upon that of the Spectator, 
A move- A moveable Circle is that whoſe di- 
28 _ depends on that of the SpeQa- 
Of the former Sort are the Ecliptic 
and the Equator, with their Secondaries i 
and Parallels. | 
Of the latter are the Horizon, with 
its Secondaries and Parallels. 


I. 0 
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are 
and 0 
I. Of the Ecliptic, and other Parti- 
oints . culars relating to it. 


cle. W The Ecliptic is that Circle which the TheEclip 

dane of the Earth's Orbit would mark © 

mt, were it ſuppoſed to be extended 

p the Heavens, This therefore is that 

mich the Sun ſeems to deſcribe in its 

nnual Courſe, 

The Axis of the Ecliptic is a right The Axis 

ne ſuppoſed to paſs through the Cen- — the E. 

|: of the Sun, and to be perpendicular s. 

b the Plane of the Ecliptic; and the 

Fonts in the Heavens, to which this | 

us points, are called the Poles there. Iss Pole. 

i and the great Circles paſſing through 

gle Poles, will be perpendicular to the 

lptic, and are therefore called its 

condaries, and ſometimes Circles of ; 

mgitude, By Means of theſe the ries of the 

lace of any Star is referred to the Ecliptic. 

lptic, and its Longitude and La- 

Ide eſtimated. For the Longitude Longitade 

a Star is an Arch 'of the Ecliptic, of a Star. 

tercepted between the firſt Point bf 

nes, and that where one of theſe Se- 

ndaries that paſſes through the Star 

ts the Ecliptic, And the Latitude of Latitude 
a Star of a Star. 
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The Signs The Ecliptic is divided into twelz 


6f the E 


chptic. 


The Zo- 


S 
Libra oO ere ene Aqui 
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a Star is the Arch of the ſame Second; 

intercepted between the Star an 
? 6 Ecliptic. Upon this account a * 
Circles — to be drawn parall: 
to the Ecliptic, that is, Parallels of th" 
Ecliptic, are ſometimes called Paralle 
of Latitude. The Latitude of a $ 
is either Northern or Southern, as 
Star is placed on this or that Side ü 
Eclip tic. 


E. equal Parts, called Signs. They beg 
at that Point in which the Sun appea 
to be at the Vernal Equinox, and a 
reckoned from Weſt to Eaſt. Th 
Names of the faid Signs, together wi 
the Characters whereby they are com. 
Roy expreſſed, are theſe that follow, 


Arie, reg. Gemini Cancer, Leo, Virgo, en 
* 


Ls = 


* firſt ſix of theſe are alles kton 
orthern Signs, as poſſeſſing that Ha 
of the Echte whith lies neareſt t 
North Pole of the Earth; the lattet 
the Southern, as being in that which 
1s neareſt the South Pole. The Sun 
always ſeen in ſome Part of this oy | 


chap. 14. of the Sphere. 
wt the Planets, by reaſon of the In- 


ut of the Ecliptic, appear ſometimes 
ove it, and ſometimes below it, but 


_ er deviate from it above ſeven or 
nale Degrees on either Side: So that if 
4 ” e imagine a Space ſurrounding the 


feayens ſixteen Degrees in Breadth, 
d extended equally above and below 
& Ecliptic, this will include all their 
{cliptics, if I may ſo fay ; that is, all 
te Circles they would appear to move 
when ſeen from the Sun, and is call- 
u the Zodiac. 

The Signs of the Ecliptic took their 
Names, as was obſerved above, from 
Twelve Conſtellations fituated in the 
Heavens near thoſe Places. But it muſt 
temembred, that the Signs are dif- 
kent from the Conſtellations which 
kar the fame Name. For the Sign 
vis for Inſtance, is not in the ſame 


Won Aries, The Sign Artes 1s only 
lirty Degrees of the Ecliptic, counted 
om one of the Equinoctial Points; 
Wihcreas the Confellation of that Name 
ba Syſtem of Stars, the moſt of which 
re now fituated between the firſt and 
at Degree of Taurus. And ſo of — 

| | other 


fart of the Heavens with the Conſtel- 


IZ. 


ination of the Plane of their Orbits ta 
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a Star is the Arch of the ſame Second; 
intercepted between the Star an 
& Ecliptic. Upon this account a bal 
Circles — to be drawn parall . 
to the Ecliptic, that is, Parallels of th" 
| Parallels Ecliptic, are ſometimes called Paralle 
of Lat of Latitude, The Latitude of a $ 
" js either Northern or Southern, as 
Star is placed on this or that Side d 
Ecliptic, 
The Signs The Ecliptic is divided into twely 
. - equal Parts, called Signs. They begi 
at that Point in which the Sun appea 
to be at the Vernal Equinox, and a 


reckoned from Weſt to Eaſt. Th * 
Names of the ſaid Signs, together wi * 
the Characters whereby they are co * 
monly expreſſed, are theſe that follow * 
5 1 Gemini, Cancer, Leo, * keen 
I S Q hear 
Libra ekt Lueg ep ea e lries 
1 2 ve 3 X 


: The firſt fix of theſe are called Her 
The Zo- Northern Signs, as poſſeſſing that Ha 
of the Ecliptic which lies neareſt th 
North Pole of the Earth; the latte 


the Southern, as being in that whic 280 
is neareſt the South Pole. The Sun th 
always ſeen in ſome Part of this Circk 


ap. 14. of the Sphere. 
wt the Planets, by reaſon of the In- 


t 1 
nd 
r an 


nt al 


aralle 
of thi 


tat of the Ecliptic, appear ſometimes 
ove it, and ſometimes below it, but 
zever deviate from it above ſeven or 
ght Degrees on either Side: So that if 
we imagine a Space ſurrounding the 
Heayens ſixteen Degrees in Breadth, 
pd extended equally above and below 
te Ecliptic, this will include all their 
{cliptics, if I may ſo ſay; that is, all 
te Circles they would appear to move 
when ſeen from the Sun, and is call- 
« the Zodiac. 

The Signs of the Ecliptic took their 
Names, as was obſerved above, from 
ſwelve Conſtellations fituated in the 
Heavens near thoſe Places. But it muſt 
k temembred, that the Signs are dif- 
kent from the Conſtellations which 
kar the ame Name. For the Sign 
"cries for Inſtance, is not in the ſame 


Won Aries, The Sign Aries is only 
ty Degrees of the Ecliptic, counted 
om one of the Equinoctial Points; 
mhereas the Conſtellation of that Name 
ba Syſtem of Stars, the moſt of which 
re now fituated between the firſt and 
t Degree of Taurus. And ſo of — 

| | other 


nation of the Plane of their Orbits ta 


fart of the Heavens with the Conſtel- 


IZ. 
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other Signs. Theſe Conſtellations were 
in the Infancy of Aſtronomy fituatet 
within the Signs which now bear thei 
Names; but by a flow retrograde Mg 
tion of the EquinoCtial Points, called the 
Preceſſion of the Equinoxes, as explain 
ed above (a), the Conſtellation Aries h 

got into the Sign Taurus, and that of 
Piſces into the Sign Aries; and fo of 
the reſt, 


II. Of the Equator, and other Particy 
lars relating to that, 


* Aris The Axis of the Earth is a right Ling 
Fu ſuppoſed to paſs through its Center 
_ 0 which it daily Rotation is pet 
formed. 
The Poles The Poles of the Earth are two Point 
of the in its Surface, where its Axis paſſes 
_ through; the one the North, the othe 
the South Pole. 
The Poles The Poles of the Heavens are two 
—_ Points therein, where the Axis of the 
Earth, if produced, would paſs throug 
them. 
TheEqua- The Equator is a great Circle on the 
tor. Surface of the Earth, equally diſtan 
from either Pole thereof. This is b 
Mariners called the Line. 


(a) See Chap. V. 
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A Secondary of — uator paſſing Meridian 


through an icular Place upon the 
— of hb Each is called x wy Me- 
ridianof that Place. 

And as the Longitude and Latitude 
of the heavenly Bodies are determined 
by the Ecliptic and its Secondaries ; ſo 
by the ' Equator and its Secondaries, 
Places upon the Earth's Surface are dif- 


tnguiſhed as to their Longitude and 
Latitude. 


The Longitude of a Place is then an The Lon- 
Arch of the Equator, intercepted be- gitude of 


teen the firſt Meridian (3), and that 
wich paſſes through the Place. 2 
8 


(b) By the i Meridian be mount that which 

through ſome remarkable and well-known Place, 
hich Geographers pitch upon to eſtimate the Longi- 
prog Places from. The ancient Geographers 
d that the firſt Meridian which paſſed through the 
yt Weſtern Part of the then known World; and fo 
koned the Longitude Eaſtward from thence. And 
6 they look'd upon the World to be longer from Weſt 
Þ Eaſt than from North to South, they the 
Name of Longitude to the longer Dimenſion, and 
hat of Latitude to the ſhorter. But when it was 
covered that the Earth was round, and conſequent- 
chat there was no extream Point of Lon itude, 
beographers began to neglect this Method, and every 

ie choſe a firſt Meridian according to his F ancy and 
lation, Thus, an Exg/ib pher ſhall tell 
a the firſt Meridian paſſes through ; a French» 
u, that it paſſes through Paris, &c. _ 
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The Lati- The Latitude of a Place is an Arch Oz, 
. of aof the Meridian, intercepted. between the 
" the Place and the Equator ; and is ei. 
ther Northern or Southern, as the Place ger 
lies on this or that Side the Equator, 5 
TheEqui- The Equinoctial and the Equator ar: ¶ De- 
noctial. different, the former being a Circle in 
the Heavens, which the latter would 
mark out if ſuppoſed to be extendei i x 
thither. | O3 2 DIY Equ 
Northern The Equinoctial divides the Heaven of / 
andsouth- as the Equator does the Earth, into tw 1 
— equal Portions, called the Northern ani he 
Southern Hemiſpheres. * 

Right Al. And as by the Secondaries of 
cenhon . Equator, Places upon the Earth are re 
nation. ferred to the Equator; ſo by theſe < 
the Equinoctial, the Places of the he Wöor 
venly Bodies are referred to the Equ 
noctial. But as an Arch of the Equs 
tor, intercepted between the firſt Me 
ridian and that which paſſes throug 
any Place, is the Longitude of th! 
Place; an Arch of the Equinoctial in 
tercepted between the firſt Point of A 
ries and that where it is cut by a Secon 


This arbitrary Way of reckoning the Longitulif . .. 
from different Places, makes it neceſſary wheneveg 
Mention is made of the Longitude of any Place, t 
mention alſo the Place from whence that Longitude 
counted. 
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rch ¶ gary of the Equinoctial that paſſes thro 
een I the faid Body, is called its Right Aſ- 
ner cenfion. And an Arch of the fame 
lace Secondary intercepted between the ſame 
r. Body and the Equinoctial, is called its 
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a ¶ Declination, which is alſo either North - Declina- 


e nem or Southern, as it happens to be bon. 


ould Nn the one or the other Hemiſphere: 


nadel From hence the Secondaries of the c;rctes of 
inoctial are ſometimes called Circles Aſcenſion 


Wenge Aſcenſion and Declination. and Decl 


1 


a g nation. 
088 The EquinoCtial Points are thoſe Equinoc- 


ani dere the Equator cuts the Ecliptic; and tial and 
re ſo called, becauſe when the Sun is poi 


f the: theſe Points, it is alſo in the Equator, 
ic te And therefore makes the Days and 
hts of an equal Length all the 
World over. The Solſtitial Points are 
boſe Points in the Ecliptic where the 
quator is moſt diſtant from it; and 
re ſo called, becauſe when the Sun is 
1002 Mn them, it can ſcarce be perceived to 


. tha lter its Diſtance from the Equator for 
1 7 ime time. 
0 


There are two of the Secondaries of 


e reſt, called the Colures ; the one 
ales through the Equinoctial Points, 


benen nd is called the Equinoctial Colure; 


te other is placed at right Angles with 
8 2 of 


he Equinoctial more remarkable than 


us, and paſſes through both the Poles / 


Points. 
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of the and of the Ecliptic tog 
and is called the Solſtitial Colure. air 
Hour Cir- Secondaries of the Equinoctial drawn 
ces. through each 1 5th Degree thereof, wil Muiſp! 
divide it into 24 Parts; each of which 
ſince the Earth reyolves once round lf 
Axis in 24 Hours, will anſwer to ont 
Hour ; that is, each of them (ſuppoſing 
the Heavens to revolve as appeu 
to do) will ſucceed into the Place of 1 
toregoing one in the Space of one Hour, 
and are for that Reaſon called Hour 
Circles. And the Inhabitants of any 
Part of the Earth, whoſe Meridian cou 
cides with any one of theſe, will diſſu guat 
in their reckoning of Time one HouWorthe 
from thoſe whaſe Meridian is coinci e Ci 
dent with the next; and ſo on. nſts 
Tropics Of the Parallels of the @ — n 
_— are more remarkable than the reſt, an: 
' diſtinguiſhed by particular Names, via e! 
the Tropics and Polar Circles. 
The Tro- The Tropics are thoſe Circles which, | 
pics. the Sun in its greateſt Declination ſcems | 
to deſcribe by its diurnal Motion; an cle 
are therefore ſo far removed from ii 
Equator, the one on the one Side, andiſÞrreſp 
the other on the other, as is the Incli 
tion of the Equator to the Ecliptic, via 
23 Degrees and an half. They are call 
ed Tropics, becauſe when the Sun ar 


rives 
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of the Earth which is comprehendeg 
between the two Tropics. The Ane 
ents imagined this Tra6t of the 
to be uninhabitable, on Account 
the Heat of the Sun there. There ar 
22 two frigid Zones, the one is that Porti 
of the Earth's Surface which is include; 
within the arctic Circle, the other with 
in the Antarctic. The remaining ty 
Tempertee the temperate ones, lying one on on 
Side the Equator, and the other on thi 
other, between the frigid and the tom 

ones. 

The Inhabitants of theſe Zones: 
diſtinguiſhed by the different Direct 
of their Shadows. Thus, they that ln 

The Am- in the torrid Zone are called Amphiſci 
phil. pecauſe their Noon Shadows are cal 
ſometimes towards the North, a 
ſometimes towards the South, accord 
ing as the Sun at Noon is to the North 
ward or the Southward of them. B 
when the Sun paſſes directly over the 
Heads at Noon, they caſt their Sh 
dows neither the one way nor the othe 

The Aſcii. and are called Aſcii. 
The Inhabitants of the temperit 
IA Zones are called Heteroſcii, - becau 
bero e they never caſt their Meridian Shado 
OT? but one way. Such as inhabit the 
ii, gid Zones are called Periſcii, _ 
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reaſon that the Sun is ſometimes 
dove their Horizon for a Day or more 
ithout ſetting, their Shadows turn 
zite round them. 

The Inhabitants of the Earth have 
Jo been diſtinguiſhed into three Sorts, 
th regard to their Situation with re- 
ret to each other. They who live 
der the oppoſite Points of the ſame 
rallel of the Equator, are called with __ 
ſpect to each other, Pericci. Nun 

Theſe have the ſame Seaſons of the 

ear, but it is Midnight to the one 

nen it is Noon or Mid-day. to the 

ther, Others are called Antceci, as Antæœci. 

ing under the fame Meridian, but in 

wolite Parallels. Theſe have Day 

d Night at the ſame Time, but dif- 

rent Seaſons, it being Summer with f 
he when it is Winter with the other. 

Ithers are Antipodes, with reſpect to antipodes 
other, that is, they live in oppo- 

e Parallels and Meridians too; ſo that 

Wy are on the oppoſite Points of the 

lobe; and therefore have both their 

ys and Nights, and their Seaſons of 

ie Year reverſed, the one with reſpect 

the other, 


he III, Of 
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III. Of the Horizon, and other Po 
culars relating to it. 


The Horizon is a Circle in the He: 
vens, whoſe Plane touches the Surf 
of the Earth, in the Place of the Spe 
tator. This Circle ſeparates that P. 
of the Heavens which 18 viſible frog 

| that which is not; and is called t 
The fenfi- ſenſible Horizon, in conttadiſtinction 
* another Circle parallel to this, who 

Plane paſſes through the Center of 
Theratio- Earth, and is called the rational H- 
rs zon. The Diſtances between - the 
two Circles is ſo ſmall with reſpect 

that of the fixed Stars, that it is uſual 
neglected, and the Circles are ſuppoſe 


to coincide. | ee 

The Poles of the Horizon are i . th 
Points, the one of which is exaCtly e - 
the Head of the Spectator, and is callWr., 


Zenith. the Zenith; the other directly und 
Nadir. his Feet, and is called the Nadir 

; | The Secondaries of the Horizon p 

through the Zenith and Nadir, and ai 

Vertical called Vertical Circles or Azimuth 

Circles, 0 Its Parallels, Almicantaraths, or conf 

monly Almicantars (c). 1 

mol 


e) Theſe are Terms introduced into Aſtronaſt to | 
by the ancient Arabian Philoſophers, and ſtill retail 
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Among the Vertical Circles of the 
Horizon there are two more remark- 
able ones, vi z. the Meridian, and the — 
prime Vertical, (for the Meridian of yah Vertical. 
any Place is a Secondary of the Hori- 
zon of that Place, as well as of the E- 
quator.) TheMeridian, as obſerved above, 
aſſes through the Zenith and the Poles 
the Equator. This cuts the Horizon 
n two Places, which are called the 
North and South Points thereof. The 
rime Vertical cuts the Meridian at 
ght Angles in the Zenith and Nadir, 
nd by interſecting the Horizon marks 
mt the Eaſt and Weſt Points; and 
theſe two Circles cut the Horizon into 
bur Quarters, each of which is ſup- 
ved to be divided into eight, the whole 
herefore into thirty-two, which are call- 
d the Points of the Compaſs, of which, 3 
he four firſt mentioned, vis. Faſt, Conn. 
eſt, North, and South, are called by paß. 
; u of Eminency, the Cardinal Points. — 
The Altitude of a Star is an Arch of 
Vertical Circle that paſſes through it, — 
tercepted between the Star and the preſſion of 
orizon. If the Star be below the Ho- Star. 
zon, it is then called its Depreſſion. 
When a Star is upon the Meridian Culmina- 
AMORE any Place, it is faid to culminate, - 
Aſtron to be in its Meridian Altitude. 
* T The 
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The Azi- The Azimuth of a Star is an Au The 
_ * af the Horizon, intercepted betweeſhzin « 

the North or South Point thereof, alffice ai 


the Vertical that paſſes through nder 

Star; and is called Eaſtern or Weſteſeaſling 
according to the Situation of the Stu Harth, 

The Am- The Amplitude of a Star is an A Par 
Finde of of the Horizon, intercepted betweelhhence 


that Point where the Star riſes or he P 


and the Eaſt or Weſt Point of the Hat th 
rizon ; and is either Northern or SoutfMLengt 
ern, If the Amplitude be taken fi rhich 
Riſing andthe riſing of the Star, it is then cal 
* its riſing Amplitude; if when it { 
mpli- , . g | 
tude. its ſetting Amplitude, (rum 
That Point of the Ecliptic thru a. 
lea which the Meridian of any Place paſlWſ»fleva 
heaven, is called the Mid-heaven, An E 
Point of the Ecliptic which is diſtant 6s 
quarter of a Circle from the PoinWCrcunt 
Ninetith where it cuts the Horizon, is case 
Degree. the Ninetieth Degree. This Me 
The He. The Height of the Pole above thy 
— Horizon 1s called its Elevation. be Kin 
this is equal to the Latitude of the Place 
for either of them being added to -__ 
Diſtance between the Zenith and HH! N 
Pole, makes juſt a quarter of a CM A 
cle ( c) . \frait | 
l they toe 


(% From hence ariſes the Method of meaſuring 
the firſt 
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The Inhabitants of the Earth are a- 
nin diſtinguiſhed by the Sphere they 
ne faid to live in. Thus, ſuch as live 
der the Equator, have their Horizon 
fling through both the Poles of the 
Earth, and cutting the Equator and all 
5 Parallels at right Angles, and from 


he Property of which Sphere is this, 
at the Days and Nights are of an equal 
Length all the Year long, and the Stay 
mach any of the heavenly Bodies make 


2 above 


Circumference of the Earth. For, let two Places be 
pcched upon, lying North and South of each other, 
ich that the Elevation of the Pole in one ſhall exceed 
Elevation in the other by one Degree ſuppoſe, then 
peaſure the Diſtance between the two Places in Miles: 
den as one Degree is to the Circumference of a Circle, 
tr 360 Degrees, ſo is that Number of Miles to the 
Circumference of the Earth. By this Means the Cir- 
funference of the Earth is found ſuch, that the Length 
if one Degree therein is equal to 69 Egli Miles, 
This Meaſure was firſt found out by our Countryman 
Norwood, and afterwards attempted by the French Ma- 


te King's Command, and diſcovered almoſt the ſame 
Meaſure that Norwood had done before. They took 
ie Length of a paved Cauſey of near ſeven Miles, that 
ies between 7 exws Village and F uvinum in Picardy, by 
nal Menſuration ; and then by a Survey from thence 


ance between Ma/ciwvin and Surdon, which lies almoſt in 
i ſtrait Line from North toSouth ; in both which Places 
bey took the Height of the Pole, and from thence 
tmputed the Circumference of the Globe. The Ma- 
liematicians ſet over this Work were Monſieur Picard 


de firſt time, and Monſieur Ca ſſiui the ſecond. 


hematicians, who twice applied themſelves to it by 


vith the moſt accurate Inſtruments, they took the Diſ- 
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hence are ſaid to live in a right Sphere. Right 


phere. 


142 


Oblique 
Sphere. 


Parallel 
Sphere. 
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above the Horizon is equal to tha 
which they make below it. The Res. 
ſon is, that all the Parallels of the Equs Nong 
tor, in which the heavenly Bodies ſeenW\ig} 
to perform their diurnal Revolution, ao n 
cut into two equal Parts by the Hor. Ney 
Zon. | me 

Such as live between the Equator Ms th 
and either Pole, have their Horizoli. 
croſſing the Equator and all its Para It 
lels, leſs or more obliquely, as they lie 
leſs or more diſtant from the Equator 
Hence thoſe are ſaid to live in an ch 
lique Sphere, and have all the Paralle 
of the Equator cut into unequal Parts 
by their Horizon, ſo that neither ths 
Sun nor any of the heavenly Bodies 
unleſs they be in the Equator, make : 
equal Stay above and below their Hori 
zon. 

To thoſe who live at the Poles of the 
Earth, if any ſuch there be, the Equ 


tor is parallel to, or rather coincidenMit, w 
with the Horizon, and all its Parallc\Wyuity 
are parallel to it; from whence this res © 
called a Parallel Sphere. The PropertyMiztw 
of this Sphere is, that it is Day for balWris, 
the Year together, and Night for th r. 
other half. For the Equator and Hound 


rizon being parallel, ſo long as the du 


continues on the ſame Side the Equator 
10 
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b long muſt its Stay be on the ſame 
ide the Horizon, and conſequently fo 
bng is it Day at one of the Poles, and 
Night at the other. And the fixed Stars 
do not riſe or ſet in this Sphere, becauſe 
hey do not remove their Places from 
me Side of the Equator to the other, 
$ the Sun and Planets are obſerved to 
(0, 

It is obvious, that in a right Sphere, 
he ame Point of the Equator which 
omes to the Horizon with any Star, 
will come to the Meridian with the 
me; becauſe in this Sphere both the 
Horizon and the Meridian become Se- 
condaries of the Equator. Now an 


tween this Point and the firſt of Aries, 
s called the right Aſcenſion of a Star. 


o, but ſome other Point different from 
that which comes to the Meridian with 
t, will riſe with it, becauſe of the Obli- 

Wiuity of the Horizon to the Seconda- 
1s Fries of the Equator. And the Diſtance 
between this Point and the firſt of A- 
nes, is called the oblique Aſcenſion of a 
ar. And the Difference between right 


cenſional Difference, 


J I n 


Arch of the Equator intercepted be- 
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Right Aſ- 


X : | 3 ſion of 
But in an oblique Sphere it will not be » ns 


Oblique 
Aſcenſion. 
Aſcenſio- 


ad oblique Aſcenſion is termed its Aſ- nal Differ- 
ENnCce. 
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In an oblique Sphere there is a P; 
rarallel of the Equator, fo far diſtant 


from the Pole as is its Elevation abo As 

the Horizon, the Stars that are compreMyreci 

hended within which ſeem to revolt th 

about the Pole without ever riſing u app 

ſetting. This is called the Circle ways 

Circle of perpetual —_—_— There is anotheſ th: 

2 oppoſite to this, and at the ſame Di Time 

tion. tance from the other Pole, called tie Mon 

Circle of Circle of perpetual Occultation ; be dem 

Pculez. Cauſe the Stars that are included there Con 

tion. never appear above the Horizon. ng al 

The ancient Geographers were wontMicauſe 

to diſtinguiſh the Til rent Regions oi moſt 

Parallels the Earth by Parallels and Climates, ine c 
and Cli- . . | 

mates, fuch manner, that in going from on ings 

Parallel to another, the Days at ce A 

Summer Solſtice ſhould be encreaſed aWvhen 

quarter of an Hour. So that ſuppoſ-Wvhen 

ing the Equator to be the firſt Paralle, Wd t 

under which the Days are always 12 fies! 

Hours long, the next ſhould be where tte 8 

the longeſt Day of the Year ſhould be t as 

12 Hours and a Quarter long, &c. AndWt ſet 


two ſuch Parallels made one Climate, ¶ nto 
till we come to the Polar Circles. Andi dle . 
from thence to the Poles they reckoned 

the Climate ſuch, that the Stay of the LF 


Sun above the Horizon was a whole. 2 
Month endet 
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Fe Month different in one from what it 


aas in the next contiguous one. 
As the Year of the Ancients was not 
rreciſely adapted to the annual Motion 
af the Sun, as we ſhall ſee hereafter, it 
happened that the Seaſons did not al- 
ways fall on the ſame Part of their Year, 
o that it was not accurate to denote the 
Time of the Year by the Day of the 
Month. It was therefore uſual with 
hem to diſtinguiſh the Seaſons by the 
Coſmical, Achronical, and Heliacal riſ- 
ng and ſetting of the Stars. And be- The poe- 
cuſe we meet with theſe Diſtinctions tical riſing 
moſt frequently among the Poets, they _ omg G 
ne called the Poetical Riſings and Set- Stars. 
ings of the Stars. 
A Star is faid to riſe or ſet coſmically, 
when it riſes or ſets at Sun- riſing; and 
when it riſes or ſets at Sun-ſetting, it is 
aid to rife or ſet achronically. A Star 
nſes heliacally, when it emerges out of 
the Sun's Rays, and is got ſo far from 
t as to become viſible, And it is faid 
o ſet heliacally when it firſt immerges 
ate, Into the Rays, and becomes inviſi- 
Andi dle /d). 


f the (4) Kepler will have it, that theſe Words are to be 
hole taken in another Senſe, ſo as that to riſe or ſet coſmi- 

ally ſhall fignify the ſame as to aſcend above, or de- 
onth dend below the Horizon; but that to riſe or ſet 
Chronically, is the ſame as to riſe or ſet in the Sun's 


Oppo- 
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Oppoſite, or in the other Achron, or Extreme of thy 
Night: In which Senſe Prolemy, and to this Day mol 
Aitronomers ſay, a Planet is achronical, when it is op 
poſite to the Sun, and ſhines all Night; ſo that tori 
achronically is, as above, the ſame as to riſe when the 
Sun is ſetting ; but to ſet achronically, is to ſet whe 
the Sun is rifing; which is commonly called the Co 
mical Setting. 22 


( 147 ) 
CHAP. XV. 


nh, Deſcription and Uſe of the Orre- 
ry and the Globes. 


J H E Orrery is a Machine deſigned to 

repreſent at one View the real Mo- 
ions of the Heavenly Bodies. In order to 
this, in the middle of a large Circle deſigned 
v repreſent the Ecliptic, is fixed a Globe re- 
neſenting the Sun. Next to the Sun a ſmall 
Ball repreſenting Mercury. Next to this is 
Venus repreſented hy a larger. At a greater 
Diſtance ſtill ſrom the Sun, is the Earth repre- 
knted by an Ivory Ball. Round the Earth, 
x ſome Diſtance from it, is a Ring to expreſs 
the Orbit of the Moon, making an Angle 
vith the Circle that repreſents the Ecliptic, 
nd thereby ſhewing the Inclination they have 
v each other in the Heavens, and alſo the 
Line of the Nodes. Within this Ring is a 
mall Ivory Ball Ire the Moon, and 
taving a black Cap or Caſe, which always 
wyers that Hemiſphere which is turned from 
the Sun; and thereby diſtinguiſheth the 
nlightned Part from the dark one. Beyond 
theſe is ſeen Mars, then Jupiter and its four 
Moons, and outermoſt of all is Saturn with its 
ding and five Moons. 


All 
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All theſe are fixed upou ſmall Stems which I by 
ſeverally repreſent their Axes, each of which I Tur 
has its peculiar and proper Inclination to the ¶ qui 
Plane of that Circle which we ſaid was to t- 1 
preſent the Ecliptic : And when the Machine h; ne 


put in Motion, all theſe Bodies move round that 
which repreſents the Sun, and at the ſame time 
both that and all thoſe which repreſent ſuch of 
the Planets as have been obſerved to have: 
Rotation about their Axes, turn round upon the 
ſaid Stems, and in their proper Times. The 
Moons alſo revolve about their Primaries at the 
fame Time, and the Ring that repreſents the Orb 
of the Moon has likewiſe its proper Motion 
whereby that of its Nodes is alſo expreſſed. 
Theſe Bodies are all kept in Motion h 
Wheelwork conceal'd in a Cafe underneath 
and turned by a ſmall Winch in the fide of the 
Caſe; one Turn anſwering to a Revolution 0 


; (a) 
the Ball which repreſents the Earth, aboui ices 
its Axis; and conſequently to 24 Hours off 

. being ( 
Time. So that 27 Turns cauſes the Sun t te it; 
turn once about its Axis, 365 carries the Eart tmp 
about the Sun, 27 the Moon about the Earth 
Sc. So that not only the Motion of the Heay one 
venly Bodies may be -repreſented, but thei ha 
Situations with reſpe& to each other may bY 4;. 
fhewn for any Time either paſt or to come; ( *04g 

Many 

(a) This and the next Paragraph muſt be underſtood wil « rg 
fome Limitation, Machines of this kind being ſufficiently adap but is 
ted to common Uſe, though not accurate enough for this pul ef the 
poſe ; none of the Machines of this kind which have yet bey- (for 
made, being ſo contrived as to ſnew this with Accuracy, ' Hor 
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nich by giving the Winch a proper Number of 
lich Turns backwards or forwards as the Caſe re- 
the WI quires. 
ö. There is uſually alſo a Lamp in a Caſe, with 
ne io one or more convex Glaſſes in the fide of it, 
tha to throw a ſtrong Light directly forwards; 
tine this Lamp being put in the Place of the Sun, 
h ad that fide of the Cate which has the Glaſs 
ye n it directed towards the Earth, it being alſo 
the contrived to turn according to the Motion of 
Tel the Earth, a ſtrong Light is thereby continually 
thrown upon it, and the Moon, in whatever 
wrt of its Orbit it is, and ſo not only the 
Times in which the Eclipſes of the Sun and 
Moon, that is, properly of the Earth and 
Moon will happen, are ſhewn, but they them- 
klyes are duly repreſented. (a) 

II. As 


(a) Artiſicers generally erect upon the Ecliptic ſome Semi: 
circles, to repreſent ſome of the principal Circles of the Heavens. 
But this is wrong, and tends to Confuſion ; becauſe theſe Circles 
being only imaginary, and ariſing from the apparent Motions of 
de Heavenly Bodies, ought to have no Place in the Orrery : 
Which as it expreſſes their real Motions, ſerves to explain, yet 
bby no means intended to repreſent their Phenomena ; the Phæ- 
wmena and real Motions being in ſeveral Caſes directly contrary 
o one another. To be particular, they have in ſome affixed 
be two Extremities of a Semicircle, which they call a moveable 
Horizon by two Hinges to the Ecliptic, at the ſuſt Degree of 
Aries and Libra; this is as if all Horizons neceſſarily paſſed 
lirough theſe Points, which is impoſſible, becauſe there are as 
many Horizons as Points upon the Earth. So that the putting 
on this Circle is not only an Impropriety common to the reſt, 
but is attended with a neceſſary Blunder. A learned Expoſitor 
if the Orrery ſays, when this Machine is ſet to any Latitude, 
' (for they have a Contrivance for that too) ſet the moveable 
a Horizon to the ſame Degree upon the Meridian, and you may 

£ U2 * form 
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II. As the Orrery is a Machine proper to 
repreſent the real Motions of the Heavenly W ſn 
Bodies, ſo the Globes are adapted to their ap- the 
parent Motions: And that I may give the Nane 
Reader a juſt and adequate Idea of them, I on 
ſhall premiſe the following Deſcription of a I pre 
Machine, which though imaginary, will great- W bei 
ly tend to the true Conception both of their Ml thit 
Nature and Uſes, i e ſtar 

In Order to this, let us conceive a large Bal 
hollow Sphere repreſenting the inſide of the on 
Heavens, and on the inner Surface of this Sphere 
let the Sun, Moon and Stars, be ſuppoſed to 
be delineated in their proper Places; and let 
the Sphere be put into a Frame, and hang 
there in ſuch Manner, as that it may be cap 
ble of turning about an Axis: And let it bg 
ſo contrived, that either end of the Axis ma 
be raiſed or lowered at Plcaſure, 


< form an Idea of the reſpective Altitudes, or Depreſſions of thi 
* Planets above or below the Horizon, according to their reſpec 
tive Poſitions, with regard to the Meridian.” 

Now the Idea which the Motion of the Orrery in this Poſitio 
gives me, is that the whole Earth is one half of the Year abort | 
the Horizon, and the other half below it. For the Ball whic Sphe 
repreſents it in the Orrery is manifeſtly ſo, while it performs it p 
Revolution about tne Sun. 5 thoſ 

Again, ſome Artiſts, in order to make the Orrery repreſent ti Part 
ſeveral Phaſes of the Moon, make one half of the Ball tha 
repreſents her black; in which caſe they are obliged to contri 
zr ſo, that the ſame ſide of the Moon ſhall not be always turn (a) 
towards the Earth; which is contrary to her real Motion, Sphere 
that the dark fide ſhall ſometimes be turned towards the Surf vemit 
which is abſurd. | in that 
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to In the midſt of this Sphere, let there be a 
ny ſmall Ball to repreſent the Earth, but fo fixed 
ap- there, as not to turn round with the Sphere, 
the and let a Spectator be ſuppoſed to be placed 
1, Ion the uppermoſt Point of this Ball; and to 
ff a prevent the lower half of the Sphere from 
cat-M being viſible to him, let a Plane, that is, a 
heir thin broad Subſtance, a Plate of Braſs for In- 

ſtance, be ſuppoſed fixed on that Point of the 
arge Ball where the SpeCtator ſtands, and to reach 
" theMW on all ſides as far as the inner Surface of the 
here Sphere: This will repreſent the Horizon of 
d to that Spectator ; becauſe it ſeparates the upper 
halt of the Sphere, which we are to ſuppoſe 
viſible to this Spectator, from the lower, which 
we muſt ſuppoſe to be out of his Sight. Then, 
35 is moſt obvious, by turning this Sphere 
once round, while the Ball, the Spectator and 
the aſoreſaid Plane remain unmoved, the riſing 
nd ſetting ef the Sun, Moon and Stars, by 
; of their paſſing by the Edges of this Plane, will 
reſpeeſſi de duly repreſented: (a) And thoſe Stars 
poste which do not go down ſo low as the Plane 
r abo (as is evident if one End of the Axis of the 
Sphere be above it, ſome will not,) will be 
thoſe which never ſet to a Spectator on that 


fo Part of the Earth, which correſponds with the 

4 — 

contri\ 

's tune (a) The Reader is to ſuppoſe here, that in this caſe the 

tion, off ?phere is not hung in its Frame in ſuch manner, that one Ex- 

the Sun Temity of its Axis ſhall be directly over the Spectator; becauſe 
in that caſe none of the Heavenly Bodies in turning the Sphere, 
val paſs by the Edge of the Plane. 


upper- 
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uppermoſt Point of the Ball; thoſe which Hl 
during the whole Revolution, do not riſe 6 
high as to come aboye it, will be thoſe which Ti 
never riſe. 3 

Again, if we ſuppoſe a Circle as large as the pr 
inſide of the Sphere will admit of, to be plz. 
ced within it, in ſuch manner as to have the 
Axis of the Sphere paſſing through two oppo- 
ſite Points of it, and alſo to have one Point of 
it directly over the Head of the SpeQtator, 
and the oppoſite one directly under his Feet, 
and to remain unmoved while the Sphere turns: 
This will repreſent the Meridian of that Spec- 


tator; and ſo the Culminations of the He- z; 
venly Bodies, that is, their paſſing the Mer. tte! 
dian ig the Heavens, will be exhibited by theiſi if. 
paſſing by this Circle. * 

Farther, if we alſo imagine an Index lik ne 


the Hand of a Clock, to be fixed upon onde g. 
of the Extremities of the Axis of the Sphere 
in ſuch manner as to turn with the Sphere, and 
to point continually to a Circle fixed on th p 
Frame, with the 24 Hours delineatcd upon it in | 
and if this Index be ſet to point to the Hour 
12, when the Sun's Place upon the Sphere for 
any given Day, is at the Circle that reprelentc,, -, 
the Meridian, then by turning the Sphere thu 
way or that, till the Place of the Sun or any 
of the Stars comes to the Plane abovemery 
tioned, the Index moving along with the Sphere 
will point to the Hour at which they riſe t le 
ſet that Day: And if we obſerye to whaſh, 


Hou 


IV. 


lich 
e ſo 
hich 


the 
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Hour the Index points, when any of them 
crolles the Meridian within the Sphere, the 
Time of their Culmination, or Southing, will 
de expreſſed: And ſo by this Machine all 
Problems relating to the riſing, ſetting and 
ſouthing of the Sun, Moon and Stars, may be 
ſolved. The Reaſon why the Index muſt be 
ſet to point to the Hour 12, when the Place 
of the Sun is brought to the Meridian, is that 
t may point to that Hour, which the real Sun 
ndicates, when the Heavens ſtand in a Pofition 
correſponding with that of our imaginary 
ophere. 

But ſince by means of the annual Motion of 
the Earth round the Sun, the Sun continually 
ſhifts its apparent Place in the Heavens in ſuch 
manner, as to ſeem to deſcribe a great Circle 
ce a Year ; it is evident that its Place cannot 
te delineated on the infide of this Sphere as 
we have ſuppoſed, unleſs it be for a Day or 
ew Hours, during which Time its change 
of Place is ſo ſmall that it may be neglected. 
In like manner the Planets are continually 
changing their apparent Places in the Heavens, 
by means of their Motions in their reſpective 
Orbits; neither therefore can their Places be 
ſgned them, unleſs for a very ſmall interval 
Time. Let us then imagine both the Sun 
nd the Planets to be repreſented by little Balls 
hering to the inner Surface of the ſaid Sphere; 
but let it be fo contrived, that each Ball ſhall 
Mit its Place with every Turn of the Sphere, 

juſt 
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zuſt ſo much, and in the ſame Direction that I Sp: 
the Sun or other heavenly Body the Ball re- thc 
preſents, appears to ſhift its Place in the Heavens W wh 
in one Day: And let the Index ſhift with the I Pol 
Sun, ſo that it may always point to 12, when man 
the Place of the Sun comes to the Meridian, 

Then, as is moſt obvious, will our Machine 
be ſo adapted, that upon turning it round con- 
tinually, the Change of the Time of the riſing 
and ſetting of the Sun, its different Meridian 
Altitude, the viciſſitude and length of Day and 
Night, the alteration of the Time of the fi- 


ſing and ſetting of the fixed Stars and of the N 
Planets, for ſo many Days running, as is the burti 
Number of Turns given to the Globe, will aal C 
be exhibited to View: And conſequently by Mics. 


turning the Sphere 365 Times round, the Suc-iether 
ceſſion of the Seaſons will be repreſented 
throughont the Year with abundance more, 
or rather will all the remaining Phenomena ol 
the Heavens. | 

This Machine, as hitherto deſcribed, ſerves 
only to exhibit the Phænomena of the Hea 
vens as they appear on one Point of the Earth 
Surface, /g. that which is repreſented by the 
uppermoſt Point of the Ball, or that where th 
SpeQtator was ſuppoſed to ſtand. But it wif 
imagine the Plane which was put as a Boungh.”* 
dary to the Spectator's Sight, to be applied tq 
ſome other Point of the Ball and fixed there 


lznome: 


then the Motion of the Sphere will exhibi.4.. 


the Phanomena, as they would appear to Wa, 
Spectate 
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ut Spectator on that Part of the Earth, and fo for 
re- Ml tie reſt; or which comes to the ſame thing, if 
ens MW while the Plane remains unmoved, one of the 
the WM Poles of the Sphere be elevated above it as 
1en M many Degrees as the correſponding Pole in the 
1. Heavens is above the Horizon of a Spectator, 
ine Non any Part of the Earth; then will the Re- 
on- ¶ wlution of the Sphere repreſent the Phæno- 
ing I nena as they appear to that Spectator. For 
lian Mit is the fame Thing whether the Pole be lifted 
and Nip from the Horizon, or the Horizon put 
i- Non below the Pole. (a) 

the Now this Machine (except in ſome few 
the berticulars, in which it vaſtly excels the celeſ- 
| alta! Globe) is exactly the ſame with it as to its 
Uſes. Thus, the Globe turns upon an Axis, 
ather End of which may be raiſed or depreſ- 

kd at Pleaſure; and on one of them is an In- 

er that turns with the Globe, and points to a 

Ixed Circle that has the Hours upon it. There 

no Ball in the middle, as we ſuppoſed in the 

erveWſachine, but the Place of the Spectator is al- 


(a) By means of an Orrery to repreſent che real Motions 


irh ne heavenly Bodies, and ſuch a Machine as above deſcribed, 
the ew afterwards how the apparent Motions of thoſe Bodies 
„tb nd on, and are connected with their real ones, the Elements 
e the Astronomy might be taught much better than by any thing 
if wal has as yet been contrived ; or rather, if 1 may fo ſay, the 
zone itſelf might thereby be exhibited to View. For the 
| ery, though it admirably well illuſtrates ſome Things, parti- 
icd to larly the Eclipſes, and in general what relates to the Motions 


| the Planets about the Sun, yet it ſhews the Appearances or 
&nomena ariſing from thence to a Spectator, ſuppoſed to be 
— the Surface of the Earth, but in a forced and unna- 
＋ ay. 


X ways 
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ways ſuppoſed to be there; and inſtead of the. H 
Plane we ſuppoſed to touch that Part of the 
Ball on which the Spectator ſtands, and to be. ti 
extended every way as far as the inner Surfic 
of the Sphere, there is a broad wooden Circle 
on the outſide of the Globe, (which is Part 
of the Frame of it) exactly where that Plane 
would paſs, was it continued beyond the Sur 
face of the Globe, and ſo anſwers the Uſes o 
that Plane. In the next Place, inſtead of the 
Circle we ſuppoſed fixed within the Sphere an 
paſſing through the Zenith and Nadir of th 
Spectator, and through which the Axis of th 
Sphere paſſes, there is a brazen Circle on th 


outſide of the Globe, and in which it win clo. 
And inſtead of the Stars being on the im Netti 
Surface, they are here on the outer one, bun 
the Conſtellations are delineated in their prop ¶ bon 
Forms. Then as to the Places of the 9 lan 
and Planets, Artificers are content to ett 
them quite out, and only draw a great Ci elo 
repreſenting the Path of the Sun in its annu 

Courſe through the Heavens, vis. the Eci If 


tic, and diſtinguiſh it into 12 Parts by ! 
Signs thereof, and each Sign into 30 leſs, whit 
are the Degrees thereof. When therefore 
Problem is to be determined by the Glo 
requiring that the Sun ſhould be delineated 
its proper Place, you are to look out the Pl 
of the Sun for the given Time in ſome alin 
nomical Tables, Ephemeris or Almanack pp 
that Purpoſe, or on the broad Surface of fer 
Hor! 
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Horizon of the Globe, where there is uſually 
Table ſhewing the Sun's Place in the Eclip- 
tic for every Day of the Year, and then to 
mark its Place on the Line which we ſaid re- 
preſented the Path of the Sun upon the Globe. 
1 like manner, if a Problem is to be ſol ved 
requiring the Place of any of the Planets, the 
Place of the Planet for the Time given muſt 
he looked out in ſome Ephemeris or Almanack, 

> which there are many publiſh'd yearly by 
Parker, and others, for that Purpoſe, containing 
Tables expreſſing the Longitude and Latitude 
of each Planet for every Day of the Year; 

nd marking the Place of the Planet upon the 
Globe, by ſticking on a Patch, or the like, and 
king the Index according to the Place of the 
Jun for the given Time, and turning the Globe 
about, the Index will ſhew the Time of that 
Planet's coming to either Side of the Horizon, 

o the Meridian, or to any Height above or 
below the Horizon, Sc. 


If then the Reader will form to himſelf a 
ue Idea of the Machine I have deſcribed, and 
of the manner in which ſuch a Machine is ca- 
able of repreſenting the apparent Motions of 
the heavenly Bodies, he cannot fail of having 
ithorough Notion of the Nature of the ce- 
tial Globe; the main Difference between 
them being only this, vs. that what we have 
ſuppoſed i in the one to be on the Inſide, is ei- 


e of ler actually on the other on the Outſide, or 
X 2 to 


Hor! 
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to be fixed on, or to have its Place marked 
there, as Occaſion requires. 'The uſes both of 
the celeſtial and terreſtrial Globe, as to parti. 
cular Caſes, will be further illuſtrated by the 
Inftances at the End of this Chapter, after we 
have conſidered ſome other Particulars relating 
to each. 

The Circles delineated on the celeſtial Globe 
are uſually, beſides the Eclipticabovemention'd, 
the Equinoctial Circle at an equal Diſtance 
from either Pole, and two Parallels of it, viz, 
one on either Side, to repreſent the apparent 
diurnal Motion of the Sun, when at itz 
greateſt Diſtance from the Equator, called 
the Tropics; and at the like Diftance from 
either Pole, two more Parallels call'd the polir 
Circles. Both the Ecliptic and the Equinoctil 
are divided into Degrees, beginning at the 
Point that repreſents the vernal Equinox, 
which is one of thoſe where they croſs each 
other; the Equinoctial into 360, but the 
Ecliptic into 12 Signs, diſtinguiſhed by their 
proper Characters, every one of which is ſub 
divided into 30 Degrees (a). There are al{ 
ſix Secondaries of the Equator, and as man 


(a) As to the Diviſions of the Ecliptic, it is to be obſerved 
that the Degrees belonging to each Sign are not to be foun 
where the Conſtellation whoſe Name it bears is delineated, bu 
where the Character peculiar to that Sign is placed. The Reaſo 
of which is, becauſe the firſt Degree of Aries, from whence al 
the reſt are counted, being where the Equinoctial cats the Equyl a) 
tor, is not in this Age in any Part of the Conſte llation that bea Padua, 
that Name, as was accounted ſor above. de uſir 
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ced Mof the Ecliptic cutting it in the firſt Degree 
1 of Mof each Sign; two of which are alſo Seconda- 
Iti. Ines of the Equator, dig. the Equinoctial and 
the MW Solftitial Colures. Further, the Globe is fo 
we bung in its Frame, that that Side only of the 
ting I brazen Meridian which has the Degrees marked 
upon it, paſſes through the Axis of it, which 
lobe Side only, in all Caſes where that Meridian is 
n'd, Mconſidered, is therefore ſuppoſed to repreſent it. 
ance Ml Upon the broad Surface of the wooden Hori- 
vis. von, beſides the innermoſt Circle divided into 
rent its proper Degrees, there is a Table ſhewing 
itz what Degree of the Ecliptic the Sun is in for 
alledMerery Day of the Year, as was obſerved above; 
from{Min order to which the 12 Signs of the Ecliptic, 
ola with the Degrees of each, and the 12 Calendar 
Months, are ſo placed over-againſt one another, 
both according to the Julian and Gregorian 
Account, that is, according to the old and new 
tile, as that the Days of the one may duly 
nſwer to the correſponding Places of the Sun 
upon the other. There is alſo a Circle, repre- 
knting the Winds or Points of the Compaſs. 
There is alſo belonging to the Globe a Qua- 
drant of Altitude. It is a long and narrow 
Pate of Braſs, made fo thin and plyant, that 
ere the whole Length of it may be applied cloſe to 
e fo the Surface of the Globe, and having the De- 
Rea grees upon it, (a) ſerves to meaſure the Diſtan- 


e Equi () That Edge, which has the Degrees neareſt it, is called its 
at bea razuated Edge, and is the only Part of it that is conſidered in 
the ufing it. 


CCS 
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ces of Places on the Globes; or being fixed 
on to the uppermoſt Point of the Meridian of 
the celeſtial Globe, (for which Purpoſe it has 
a Screw at one End) and having the other End 
thruſt in between the Horizon and the Globe, 
meaſures the Height of a Star, or other Hes 
venly Body above the Horizon, (5c. From 
which latter Uſe it has its Name. 


The terreſtrial Globe differs from the ce- 
leſtial principally, in that inſtead of the Con- 
ſtellations, the ſeveral Countries of the Earth 
are delineated thereon ; and the Circles on th | 
Globe are uſually the Ecliptic, and the Equa- 
tor, on which are numbered the Degrees of 
Longitude, (a) the two Tropics, the two po- lag 
lar Circles, Secondaries of the Equator cutting ll | 
it at every tenth Degree, and Parallels allo 
of it at every tenth Degree on each Side, p 
There are alſo drawn upon it Rhumb Lines, u 
| thoſe which a Ship, keeping the ſame Courte, a 
that is, ſteering continually in the ſame Point 
of the Compaſs, deſcribes upon the Surface of 
the Sea, The Property of a Line of this Tt 
kind, is that it cuts all the Meridians it paſſes 
through, under the fame Angle, and therefor 
is a kind of Spiral continually approaching tc 
wards ſome Point. This is called a Loxoaro 
mic Curve. 


(a) On ſome Globes, the Degrees of Longitude are number WF is cut 
both ways from the firſt Meridian, till you come to the oppoſite that ye 
Point, and the Longitude is accordingly diſtinguiſhed into EAN let bre 
and Welt, if the 


Th 
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The Lines of Variation deſcribed upon the 
terreſtrial Globe, ſhew the Direction of the 
magnetic Needle, in thoſe Places in which it 
does not point directly towards the North. 
For it is obſerved, that the Needle in 
ſome Parts of the World, declines from the 
North to the Eaſt, and in others to the Weſt. 

Further, on the Pedeſtal of ſome Globes 
there is a Mariner's Compaſs fixed, by the help 
of which, the brazen Meridian of the Globe 
may be ſet North and South. (a) 


After this Deſcription of the Globes, and ge- 
neral Idea of the Uſe thereof, it may now be 
proper to exemplify the latter by the following 
Inſtances, 


And firſt of the celeſtial Globe. 


Problem I. To refify the Globe to the 
Latitude of any Place upon the Sur- 
face of the Earth. 


If the Place be in the Northern Hemiſphere 
of the Earth, ſlide the Meridian within the 
Notches of the Horizon, till there be as many 


4) The Armillary Sphere comes the neareſt of any we have 
o that imaginary Machine deſcribed above, for it is hollow, 
nd has a Ball in the middle to repreſent the Earth; but then 
n all other Reſpects it is like a Globe, except that the Surface 
cut away every where, (unleſs where a Circle is deſcribed) 
that you may ſee the Ball in the middle. There is one Circle 
ft broad enough to repreſent the Zodiac, on which the Places 
f the Sun and Planets may be marked, as Occaſion requires. 


Degrees 
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Degrees of the Meridian between the North 
Pole and the Horizon, as are equal to the La- Ip! 
titude of the Place (a). If the Place be in the 
Southern Hemiſphere, the Southern Pole muſt 
be raiſed to a like Height above the Horizon 


] 

A 
Pros. II. 7o find what Stars never 115 
riſe or never ſet in any Place or La. I, 
titude given. give 
cont 
The Globe being rectified to the given Ly aol 
titude of the Place by Problem the firſt, thok lat 
Stars which paſs not under the wooden Hori 
zon of the Globe, during its whole Revolution cat 
never ſet to a Spectator in that Latitude: A t 
ſuch as do not come up above it, never aſcend hegt 
above that of the Spectator, and ſo never ( 

ſeen to riſe. 

PRC 


(a] The Reaſon of this is, becauſe to a Spectator, upon an 
Part of the Earth, the Elevation of the Pole is equal to the La bi 
titude of the Place; and the Globe is ſaid to be re#ifed by thi 8 
Operation, becauſe, by this means, that Point of the little Ball ( 
(for ſuch we muſt always ſuppoſe to be in the middle of the Globe / 
to repreſent the Earth) that correſponds to the Place of the Spec 7 
tator upon the Earth, is brought to the uppermoſt Point thereof NN 
and ſo the Horizon thereof becomes coincident with the Plane « 
the wooden Horizon that ſurrounds the Globe, and the Fole 
of the Globe having the like Situation with reſpect to the u Ha 
permoſt Point of the Ball, that the Poles of the World hav 
with reſpect to the Place of the Spectator; it is evident that ti 
Revolution of the Globe is fitly diſpoſed to exhibit that of ih 
Heavens, as it would appear to that Spectator. ltter 1 
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L- Pao ;. III. To find the Sun's Place in 
te the Ecliptic, for any Day given. 


If the Day given be according to the Julian 
Account, or old Stile, then in the wooden 
ber Horizon of the Globe, in the Julian Kalen- 
La- ar, otherwiſe in the Gregorian, find the Day 

ziren, over-againſt which in a Circle, which 

contains the ſeveral Signs and Degrees of the 
7, Mfcliptic, is that Degree in which the Sun is in 
lat Day. Though it may be found more 
wurately by an Ephemeris calculated for 
tat Year. Then in the Ecliptic, delineated 
m the Surface of the Globe, look for the ſame 
Degree, and that is the Place of the Sun upon 
he Globe for that Day. 


Prop. IV. The Latitude of a Place 
being given, to find the Time of the 
Sun's riſing and ſetting, and conſe- 
quently the Length of Day and 
Night in that Place. 


Having rectified the Globe according to the 
atitude, (by Prob. 1.) and found the Sun's 
ace in the Ecliptic (by Prob. 3.) bring the 
ter to the graduated Edge of the brazen Me- 
dan, and holding * Globe in that 

et 
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ſet the Hour Index to 12 at Noon; (a) then 
turn the Globe till the Sun's Place in the E- Nu 
cliptic comes to the eaſtern Part of the Hori. t! 
zon, and the Index will point to the Hour att 


which the Sun riſes; and if you turn the Globe tt 
till the Sun's Place cuts the weſtern Side of D 
the Horizon, the Index will ſhew the Time o 
Its ſetting. p 
Pros. V. To find the Hour of th 
Day, by the Height of the Sun. | 
la 
Firſt, by the Help of a Quadrant or ſom dat 
other Inſtrument for that Purpoſe, obſerve ho Nu 
many Degrees the Sun is elevated above t il 
Horizon. Then the Globe being rectified t t. 
the Latitude of the Place, and the Sun's Pla be 
in the Ecliptic found, and the Hour Indei Hou 
duly placed, that is, ſo as to point to 12: 
Noon, when the Sun's Place is under the Mpeg 
ridian; and ſcrewing the Quadrant of Alti 
tude on to the Meridian at the Zenith, (. 8 
at ſo many Degrees from the Equator, as is . L 


Latitude of the Place. Turn the Quadrant 
Altitude and the Globe backwards and ſo La: 


(a) Becauſe when the Place of the Sun is in the Meridu 
the Globe repreſents the Poſition of the Heavens, in reſet 
the given Place, as they are at Noon, or 12 0 Clock of the 
given, And conſequently, if the Hour Index be put to 
when the Globe is in this Poſition, as it turns with the Gl 
it will point to the Hour that correſponds with any other Poli Globs 
of the Globe that Day, N 

wart 
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hen MW wards, till the Sun's Place in the Ecliptic lies 
FE. under that Degree on the graduated Edge of 
ori. MW the Quadrant of Altitude, which anſwers to 
the Sun's Height found as above, then will 
the Hour Index point out the Time of the 


Day. (a) 


PRO B. VI. To find the Hour of the 
Night, by the Height of a Star. 


The Height of the Star being found by an 
aſtrument, the Globe rectified, and the Qua- 
ſome irant of Altitude fixed, as in the foregoing 
> houM?roblem, move the Globe and the Quadrant, 
e ill the Star comes under its graduated Edge, 
t that Degree which expreſſes the Height of 
he Star above the Horizon then will the 
Hour Index point to the Hour of the Night. 


th 


Prop, VII. To find the Place of a 
Star or Planet upon the Globe, its 
Longitude and Latitude being given. 


Lay the firſt Degree of the Quadrant of Al- 
tude, upon that Degree of the Ecliptic, 
ich expreſſes the given Longitude, and the 
netieth Degree thereof on the Pole of the 


(a) Becauſe when the Sun's Place is brought to this Point of 
a: Globe, it is ſo many Degrees above the Horizon, as the Su 
ais above that of the Spectator. 


Y 2 Eclipty 


166 The Deſcription and Uſe Part IV. CI 
Ecliptic, (that is, where its Secondaries croy 


each other upon the Globe) either Northern oP 

Southern, as the given Latitude is North or 

South: Then look upon the Quadrant for the 

Degree of Latitude given, and the Point o 

the Globe which is under that, is the Place o 

the Star or Planet ſought. (a) 

Pros. VIII. To repreſent the Appel * 
rance of the Heavens at any Time 4 
the Wight, that is, to ſhew the NI. 
tuation of the fixed Stars at thay 
Time. le 

Hot 


ReQify the Globe, and ſet the Hour Inde 
to the Sun's Place in the Ecliptic, and turn thi 


Globe till the Index points to the Hour of thi 


the C 

Night. (6) Heave 
Pro 

_ 

be in 

' (a) The Reaſon of this is, becauſe the Quadrant of Alt, *f © 
in this Situation, repreſents a Secondary of the Ecliptic, an Arc * 
of which interſected between the Star and the Ecliptie is its ne 
titude ; and an Arch of the Ecliptic between the Point where ring | 
is interſected by a Secondary paſſing through the Star, and u (a) 
firſt Degree of Aries, is its Longitude. = 
(4) For then the Situation of the Stars upon the Globe, u, At. 
reſpect to the Horizon and Meridian, will be ſimilar to that FF: uy 
the Stars in the Heavens; wiz. thoſe which appear en "oo... 
Eaſtern Side the Globe in the Horizon, will then be riſt beming 
and thoſe in the Herizon at the other Side will be ſetting, the Me, t, 
which are under the Meridian, will then be culminating, &c Feginni 
And if by means of a Compaſs upon the Pedeſtal of the Glot Now t. 


you ſet the brazen Meridian North and South, ſo that the * 
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= PRO B. IX. The Day of the Year and 
1 Ol the Latitude of the Place being gi- 
ven, to find the beginning of the Morn- 
ing, and End of the Evening 'Twi- 
light. 


pea The Globe being rectified to the Latitude 
of the Place, and the Hour Index ſet to the 
/ Place of the Sun in the Ecliptic, elevate that 
? 0) Degree of the Ecliptic which is diametrically 
thai oppoſite to the Sun's Place, 18 Degrees above 

the Weſt Side of the Horizon, (a) and the 

Hour Index will ſhew the Time of Day-break 


Art of it ſhall reſpect the South Part of the Heavens, the Si- 
wtion of the Stars upon the Globe, with reſpect to the Points of 
of thi he Compaſs, will alſo be ſimilar to that of the Stars in the 
Heavens at that Time; fo that by comparing the Situation of 
he Stars upon the Globe, with thoſe in the Heavens, you may 
ally make yourſelf acquainted with all the Stars, that are viſi- 
le in this Part of the World. 

If the Situation of the Moon or the other Planets is alſo to 


1 Ade repreſented, their Places in the Zodiac for that Time mult be 
i i yned them by Problem the laſt, their Longitude and Latitude 
where being firſt found by an Ephemeris for that Pur poſe. 
and u (=) Becauſe then the Place of the Sun will be ſo many De- 
fees below on the other Side, in which Situation of the Sun, 
n obſerved above, that the Twilight begins. The Quadrant 
* „ Altitude will ſnew when the Point oppoſite to that of the 
o chat een is 18 Degrees above the Horizon. If this be tried for any 
F 92 Time while the Sun is paſſing from about the 5th Degree of 
be mi benini, to the 2oth of Cancer, that is, from about the 15th of 
Ng x May, to about the 7th of Fly, it will be found that there is no 
s 16k teeinning or End of Twilight, the Sun never being 18 Degrees 
* — dow the Horizon (in the Latitude of London) during that Time. 
P Or 


Quæſtiones Philoſoph. Edit. 2da. Page 124. 
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or the Beginning of Morning Twilight. And N th 
if the ſame Point of the Ecliptic be raiſed 18 MW of 
Degrees above the Eaſt Side of the Horizon, the MW th 
Index will point out the Time when the Eye. W r: 
ning Twilight ends. br 


PRO B. X. To account for the Phan . 
mena of the Harveſt Moon. 


About the autumnal Equinox, when the 
Moon is at or near the Full, it riſes almoſt at 
the ſame Hour for ſeveral Nights together; 
which Phenomenon is called the Harveſt Mou 
(a) In order therefore to ſhew by the Globe 
how this comes about, let us ſuppoſe the 
Place of the Sun to be in the firſt Degree d 
Libra, as it always is at that Equinox, and 
that of the Moon to be in the Point oppoſite 
to the Sun, or the firſt Degree of Artes, be- 
cauſe the Moon muſt be confidered as being at 
the Full. In this Caſe it is obvious that the 
Moon will riſe when the Sun ſets, which wil 
be at Six of the Clock; becauſe both Lumi-Wnore 
naries are in the Equator and at oppoſite Points Wind 
Now ſince the Moon performs an entire Revo-Mhe 
lution in its Orbit, (which we will at prefentMFort, 
conſider as coincident with the Ecliptic) in th*Mthzt 
Space of one Month, it therefore advances for-t t. 
wards 12 Degrees cach Day, and conſequently 


(a) Mr. Fohnfon calls this Phænomena Luna autumnalis, andi; 
is the only Author that I know of that has accounted for it. 


the 
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And the next _— it will be in the z2th Degree 
18 Wot Ares. Let us then enquire at what Time 
the MW the Moon will riſe this Night. To this End, 
Ive- MI etify the Globe to the Latitude of the Place, 
bring the Sun's Place, which is now the ſecond 
Degree of Libra, to the brazen Meridian, and 
put the Hour Index to 12; and if the Globe 
be turned till the Place of the Moon, vi g. the 
12th Degree of Aries, cuts the eaſtern Side of 
the Horizon, we ſhall find the Hour Index 
will point nearly to the Hour of Six, which, 
g obſerved above, was the time of the Moon's 


U- 


ther; WM iling the Evening before. And thus if we in- 
Joon. WY veſtigate the Time of the Moon's riſing for 
lobe kveral Nights together, both before and after 
the te Full, it will be found much the ſame in all. 
ee a The Reaſon of this is, that about the Time 
„add the füll Moons, which happen at this Part 
poſite of the Year, the Moon being in the aſcending 
„ be- dens of the Zodiac, appears in its nocturnal 
ng «Courſe to deſcribe a Parallel of the Equator 
t thee Night, much nearer the North Pole than 
1 wil other, and fo riſes every Night more and 
umi nore to the Northern Parts of the Horizon, 
oints Wind that conſiderably, as paſſing quite from 
Revo-Wiie Southern to the Northern Tropic in a 


relentWortnight's Time. Now it is eaſy to conceive 
in they tat the nearer any of the Heavenly Bodies is 
es ſol- Id the North Pole, the ſooner that Body 
ſateris paribus) aſcends the Horizon: Thus, 
| the Body be within a little of the Circle of 
Nepetual Apparition, that Body is no ſooner 
kt but it riſes again. In every Lunation _— 
ore 
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fore, while the Moon is paſling from the 
Southern to the Northern Tropic, ſome Mi. P 
nutes are on that Account to be deducted from 
thoſe by which it would rife later and later 
each Night, did the Plane of its Orbit coincide 
with that of the Equinoctial; and as much i 


to be added while ſhe paſſes from the Northem 
to the Southern Tropic. And for the like of 
Reaſon in the former Caſe ſomething is to be de 
added to the Time it would ſet at; and in the h 
latter a like Quantity is to be deducted. Loc 

Now about the time of the autumnal ud 
quinox, the Sun being then in Libra or there ind 
abouts, the Moon is in the midſt of the aſcen of 
ding Signs, when at the Full. Hence it is tau t 
the full Moons at that Time of the Year, ri ee 
ſo little later the one than the other. ll t 

In like manner, if any one thinks it wort 25 
while to obſerve it, he will find that the ne 1 

8 


Moons in the Spring, riſe nearly at the fame Hou 
for ſeveral Nights ſucceſſively, while the ful nd 
Moons ſhall riſe one later than another, by Atti 
greater Difference than at any other time of thi k art 
Year. The Reaſon is, becauſe at the time oft e 


new Moons, which happen at that Part of thi Hori 

Yeaz, the Moon is in the aſcending Signs, buta Yar | 

the full, in the deſcending ones. (a) T 
14 

Witthe ( 

(a) It is here to be obſerved, that this Phænomenon is not i 60 | 


ſame as to Degree, in different Years; becauſe as the lun: 
Orbit is inclined to the Ecliptic 5 Degrees, and the Line of it 
Nodes is continually revolving round, the Inclination of ti 
Orbit to the Equator will be ſometimes 10 Degrees greater ti 
at others. So that the Moon does not haſten to the North, 
deſcend to the South in each Revolution with equal Pace. 


Prot 
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-P o B. XI. To determine the Time of 
| the Year in which a Star riſes or ſets 
Coſmically, or Acronically. 


Having rectified the Globe to the Latitude 
of the Place, bring the Star to the Horizon on 
the Eaſtern Side of the Globe, and obſerve 
what Degree of the Ecliptic riſes with it. 
Look for that Degree in the wooden Horizon, 
ad right againſt it in the Kalendar, you will 
her. ind the Month and Day when that Star riſes 
{ren oſmically (a). And if you bring the Star 
tale the Weltern Side of the Horizon, the De- 
ee of the Ecliptic which cuts the Eaſtern Side 
the Horizon in that Situation of the Globe, 
kill give the Day of the Month when the 
lid Star ſets coſmically (4). So likewiſe againſt 
ts Degree which ſets with the Star, you will 
ind the Day of the Month of its Acronicai 
ktting; and if you bring it to the Eaſtern 
Part of the Horizon, the Degree of the Eclip- 
ic which then cuts the Weſtern Part of the 
WHorizon will be the Sun's Place when the 
tar riſes Acronically. 


) For that will be the Day when the Sun and the Star riſe 
the fame time, which is its coſmical Riſing. ; 
(5) The coſmical ſetting of a Star being its ſetting at Sun-rie. 


2 PR OB. 
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PRO B. XII. To find the Time of the 
Heliacal ing and ſetting of a Star, 


Having rectified the Globe to the Latitude 
of the Place, bring the Star to the Eaſtem 
Side of the Horizon, and apply the Quadrant 
of Altitude to the Weſtern Side in ſuch manner 
that its twelfth Degree may cat the Ecliptic, 
if the Star be of the firſt Magnitude (4). Then I 
will the Point of the Ecliptic oppoſite to that ¶ reck 
which is cut by the Quadrant, be 12 Degrees ¶ Sun 
below the Horizon. Look for this Degree on WM the 
the wooden Horizon, and over-againſt it you Ml het» 
will have the Day of the Year, when the Star WM ef tl 
riſes Heliacally. To find the Heliacal ſetting, WM if f 
bring the Star to the Weſtern Side of the Ho- 2. 
rizon, and turn the Quadrant of Altitude about bone 
to the Eaſtern Side, till the 12th Degree of i ¶ w 
euts the Ecliptic; then that Degree of the Time 
Ecliptic which is oppoſite to this Point, is thef will | 
Sun's Place at that Time of the Year when the 3. 
Star ſets Heliacally. | Way 


(a) Becauſe a Star of the firſt Magnitude being above the Ho 
rizon, may be ſeen when the Sun is 12 Degrees below it. I 
the Star be of the 2d Magnitude, that Degree of the Eclipte 
muſt be taken, which is 13 Degrees below the Horizon whe: 
the Star riſes, if of the za, then the 14th, Sc. 


Pao; 
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PrxoB, XIII. The Day of the Month, 
the Time of the Day, and the Lati- 
tude the Place being given, to find 
thereby the Hour of the Day, accor- 
ding to the Babylonic, Italic, and zhe 
Judaical Way of reckoning. 


1. To find the Babylonic Hour (which is 
reckoned from the Time of the Riſing of the 
Sun) having found the Time of Sun's riſing in 
the given Latitude, the Number of Hours 
between that and the Time given, is the Hour 
of the Day according to the Babylonic Way 
of Reckoning. 

2. To find the Italic Hour (which is rec- 
koned from Sun ſetting,) firſt find the Time 
it which the Sun ſets on the given Day. The 
Time elapſed from that to the Time given, 
vill give the Italic Hour ſought. 

3. To find the Hour according to the Jew! 
Way of Reckoning (one of which Hours is a 
twelfth Part of the Time that the Sun continues 
dove the Horizon, and they are reckoned 


om Sun rifing,) firſt find the Hour the Sun 


kts at, this being doubled will give the Num- 
ter of Hours the Sun continues above the 
Horizon on the Day given. Then as that 
Number of Hours 2 to 12, ſo is the Number 

. 2 of 


174 
of Hours ſince Sun riſing, to the Judaica. 
Hour required. 5 

Thus in the Latitude of London, when the 
Sun riſes at 4 of the Clock and ſets at 8; if the 
Hour given be 5 in the Evening, the Babyle 
nic Hour will be the 13th, the Utalic the 
21, and the 7ewiſb Hour will be. Nine and 
three Quarters. 


Pros. XIV. To find the Place of any 
of the Heavenly Bodies upon the 
Globe, from their right Aſcenſim 
and Declination. 


Bring that Point of the Equator which ex- 
reſſes the right Aſcenſion given, to the brazen 
Meridian, and look upon the Meridian towards 
the North or South Pole, according as the De- 
clination is North or South, for the Degree of 
Declination given, under which is the Place 
ſought (a). 


(a) For in this Caſe the Meridian is made to repreſent a &. 
condary of the Equator paſling through the Place, an Arch of 
which lying between the Place and the Equator is the Declina- 
tion, and the Diſtance between the Place of the Equator through 
1 it paſſes, and the firſt Degree of Aries, is the right Aſcen- 

on. 
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Of the Terreſtrial Globe. 


PRO B. XV. From the Longitude and 
Latitude of a Place, upon the Sur- 


ace of the Earth being given, to 
find the Place upon the Globe. 


This Problem is much the fame with the 
ut, only inſtead of the celeſtial, we uſe the 
rrreſtrial Globe; and inſtead of reckoni 
he Longitude from the firſt Degree of Aries, 
he Point from which right Aſcenſion is rec- 
koned, it muſt be counted from the firſt Me- 
lian. 

Bring the Degree of the Equator, which 
umbers that of the Longitude given, to the 
bazen Meridian, upon which count towards 
he North or South Pole, according as the 
Latitude is North or South, - till you come to 
the Number of the Latitude, under which is 
the Place ſought. (a) 


{a) In ſome Globes, the Soup, way of Longitude are numbered 
wth Ways from the firſt Meridian, till they meet in the oppo- 
ite Point, and the Longitude is diſtinguiſhed into Eaſt and Weſt 
8 obſerved above: In ſuch Caſe it muſt be known which Kind 
de given Longitude is of. 


PROB. 
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PRO B. XVI. 20 determine the Difference 
of Time in different Places, 


Find the Longitude of each Place, by the 
Converſe of the laſt Problem, and reduce the 
Difference into Time ; which is done by al. 
lowing an Hour for every 15 Degrees, and ſo 
proportionably for leſſer Parts, the Number 
of Hours, Sc. thus found, will be the Difference 
between the Time of the Day at ene Place, 
and that at the other (a). 


Pros, XVII. To find the Diſtance be. 
tween two given Places, and th 
Angle of Poſition, that is, the Bear- 
ings of them, or the Situation 
one from the other, with reſpect u 


the Points of the Compaſs. 


Rectiſy the Globe to the Latitude of one o 
the Places, and bring that Place to the brazen 
Meridian; then fix the Quadrant of Altitude 


{a) The Reaſon of this is, becauſe as the Earth by turning 
round its Axis, brings all Places to the Sun once in 24 Hours; 
that Place which lies 15 Degrees to the Weſtward of another 
comes to it an Hour later than the other; and fo the Inhabitant 
of this Place are an Hour later in their reckoning of Time than 
at the other Place. Ard the contrary holds of ſuch as live to 
wards the Eaft. 


U 
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to the u Point of the Meridian, and 
putting the lower End of it between the Ho- 
on and the Globe, flide it about till it paſſes 
through the other Place, and the Number of 
Degrees upon the Quadrant between Place and 
Place, turned into Miles by reckoning 60 to 
ach Degree, will give the Diftance between 
tem; and the Number of Degrees upon the 
Horizon, between the Meridian and the Foot 
of the Quadrant, will give the Bearing of the 
ſecond, or its Situation from the firſt, with 
rſpe& to the Points of the Compaſs. 


PRO B. XVIII. To find a Meridian 
Line, partly by the Help of the 
celeſtial Globe. 


Set the Hour Index to the Place of the Sun 
n the Ecliptic, and turn the Globe till the 
Pole Star, that is, the Star which is the neareſt 
the Axis of the Globe, comes under the Me- 
idian, either above or below the Pole; above, 
you find that the Index in that Situatien-of 
the Star, points to one of the Hours of the 
Night, otherwiſe below; and mark what 
Hour the Index points to. Then at that Hour 
if the Night hang up two Plummets, letting 
their Weights hang in Water to prevent their 
nbrating, in ſuch manner that the String of one 
of them may be directly between the Pole Star 
nd the String of the other. Then will a Line 
drawn 
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drawn from one String to the the other, or the ¶ (er) 
Shadow of the one when it falls upon the other, fl to | 
be a Meridian Line. And this I take to be a much ¶ the 
more accurate, as well as an eaſier Method, than W tor 
the common one of fixing up a Pin upon a Plane, W this 
drawing a Circle about the Foot of the Pin, and W the 
obſerving where the Extremity of the Shadow I 
of that Pin enters the Circle in the Morning Wtery 
and goes out of it in the Afternoon, and drau- ¶ pas 
ing a Line from the Foot of the Pin through Mime 
the middle Point between thoſe Places for ton 
Meridian Line. For this latter Method re-Mihe 
quires more Care and Trouble to do it accu il ti 
rately, than they who have not tryed it, wouldicpe 


imagine. thou 
— — — ti ſ; 
GHMA£®,AVE) 


Of the Equation of Time. 


Hereas Time conſtantly paſſes on wit 

an uniform and regular Flux, it is evi 

dent there is no poſſible Way accurately t 
meaſure and compare the ſeveral Intervals of i 
one with another, but by the Motion of ſome 
Body whoſe Progreſs is as uniform and regul 
as itſelf. To this End it was natural to pitc 
upon the Sun, whoſe Motion is obvious to alli /«) 
and ſeemingly regular enough for that PurpokF 
But by the Circumſpection and accurate Ob 
ſexyatio 


. 
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the ſervations of Aſtronomers, it is diſcovered not 
aer, to be ſo; and that neither the Days, nor even 
uch the Hours themſelves, as meaſured by the Mo- 
han W tion of the Sun, are of an equal Length. And 
ane, this upon two Accounts, as will appear from 
and Wl the following Conſiderations. 
low I. A natural Day, or 24 Hours, is that in- 
ane MW terval of Time, in which the Sun ſeems to 
au- pass from the Meridian of any Place to the 
gh ame again: Had therefore the Earth no Mo- 
or ation but about its own Axis, and conſequently 
| re-Mithe Sun no apparent one along the Ecliptic, 
ccu-Miill the Days would be of an equal Length, as 
ouldMipending only on the Motion of the Earth 
out its Axis, which is uniform: But ſince 
te Earth is conſtantly moving in its Orbit, 
— Wic ſame Way it turns about its Axis, the Sun 
s always in appearance adyancing forwards. 
When the Earth therefore is turned round, 
nd a Spectator upon its Surface brought again 
Þ the Place he was at the foregoing Day at 
Noon, it is not yet Noon with him, the Sun 
appearance having ad vanced to the Eaſtward 
i the mean time; ſo that the Spectator muſt 
carried farther ſtill, vg. ſo many Degrees 
of i the Sun has advanced that Way, before he 
Win be brought to the Meridian the Sun is 
(a). Now by Reaſon of the unequablg and 


) This is the Reaſon that the Length of the Day is not 
ay equal to the Time, in which the Earth performs its Ro- 
bon about its Axis, which is, as was obſerved in Note (f), 
p. I. but 23 Hours 56 Minutes and 4 Seconds. 


A a irregulgg 
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irregular Motion of the Earth in its Orbit, or, 
the irregular apparent Motion of the Sun along 


the Ecliptic depending thereon, the Number 4 
of Degrees the Sun advances Eaſtwards each . 
Day, is ſometimes greater and ſometimes leſs; 
and confequently, upon this Account, the Days 7 
muſt differ one from another in Length; and gh 
therefore the Hours allo, ſince each Day is ſup-· ,, 
poſed to confiſt of 24, be it long or ſhort. Al 

II. Was the apparent Motion of the Sufi ot 
through the Ecliptic uniform and regular, yet . 


as the Ecliptic is oblique to the Equator, and 
therefore equal Portions of the one do not 
correſpond to equal Portions of the other; the 
Motion of the Sun, when referred to the Equs 
tor, would not be uniform ; or, which is the 
fame Thing, thoſe Points of the Equator 
which come to the Meridian with the Place 
the Sun on different Days, would not be at 
equal Diſtances one from another ; (a) whic 
as to the Time of the Sun's appearing in the 
Meridian, or its ſhewing the Hour of the Da 
upon a Dial, is the ſame as if it had an irregu 
lar Motion along the Equator; and therefor 
muſt cauſe it to render the Days unequal among 
themſelves. 
As theſe Cauſes are independent of eac 
other, they ſometimes conſpire together; ſome 
times they are contrary the one to the other. 


(a) This is eaſily tricd upon a Globe, where if we brin 
every tenth Degree of the Ecliptic to the brazen Meridian, 
Mall find that each tenth Degree of the Equator, will not con 
thither with it, 4 
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or, The Time which an uniform Motion would 
Ns Wl mark out, is called rue Time; and that which 
ber is indicated by the Sun, is apparent Time; and 
ach WW the Difference between thele is termed the E- 
ls; quation of Time. When the abovementioned 
\ays Wl Cauſes have continued for ſome time, to render 
and the apparent Motion of the Sun too quick or 
up- too flow, this Difference is conſiderable. 

About the 13th of October, it is the greateſt 
Sunil of all; at which Time the Sun is 16 Minutes 
Jett and 11 Seconds too faſt. 


3 


C HAP. XVII. 
Of the Diviſion of Time. 


H E ſeveral Parts of Time are princi- 

pally diſtinguiſhed by Days, Hours, 
Weeks, Months, Years, Cycles, Periods and 
Aras. Of which in their Order. 

By a Day, according to the moſt natural and 
obvious Senſe of the Word, is meant that 
pace of Time during which it continues to 
be Light, and thus is oppoſed to that wherein 
t is Dark, which is called the Night. But 
this Space of Time being ſomewhat vague and 
ndeterminate, the Time between the Sun's 
Riſing and Setting is uſually looked upon as 
the Day, and the Time which lapſes from its 
ot con detting to its Riſing again, the Night. 

1 Aa 2 But 


F 
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But the Word Day is frequently taken in a 
larger Senſe, ſo as to include alſo the Night, 
and to denote the Time of an whole apparent 
Revolution of the Sun round the Earth. In 
this Senſe it is called by ſome a natural Day, 
and by others an artificial one; but what ſome 
call the Artificial, others call the Natural. To 
avoid which Confuſion, it is uſual to call it in 
the former Senſe, ſimply the Day, and in the 
latter a Nuchthemeron; by which Term that 
Acceptation of it is aptly denoted, as being: 
Word that implies both Day and Night (a). 

The Nuchthemeron is divided into 24 Parts, 
called Hours, which are of two Sorts, Equal, 
and Unequal or 1 The common 
Diviſion of the equal Hour is into Hal ves and 
Quarters: But Aſtronomers, and thoſe who 
are more accurate in their Account of Time, 
divide the Hour into ſixty Parts, called Mi- 
nutes, and theſe again into ſixty Parts called 
Seconds, Sc. And here we may obſerve, that 
the Word Minute is taken in a double Senſe, 
either to denote the ſixtieth Part of an Hour, 
and is therefore by Way of Diſtinction ſome- 
times called an Horary Minute; or elſe to ſig- 
nify the ſixtieth Part of a Degree, in which 
Caſe it may be called a graduary Minute, or 
Minute of a Degree. | 

Different Nations and People begin their 
Day at a different Hour. Thus the Egyptians 


(<) A Greek Compound of uf Night, and fuipa Day. 
began 


Chap. XVII. Of the Diviſion of Time. 


183 


began their Day at Midnight; from whom 
Hpparchus introduced that Way of reckoning 
into Aſtronomy, and Copernicus and others 
have followed him. But the greateſt Part of 
Aſtronomers reckon the Day to begin at Noon, 


and ſo count 24 Hours till the Noon of the 
next Day, and not twice twelye, according to 
the vulgar Computation. | 

The Method alſo of beginning the Day at 
Midnight prevails in Great-Britain, France, 
ain, and moſt Parts of Europe. 

The Babylonians began their Day at Sun- 
ling, reckoning the Hour immediately before 
ts Riſing again, the 24th Hour of the Day. 
From whence the Hours reckoned in this Man- 
ner are called the Babylonic. 

In ſeveral Parts of Germany, they begin 
their Day at Sun- ſetting, and reckon on till it 
ſets the next Day, calling that the 24th Hour. 
Theſe are uſually called the Italian Hours. 

The Jews alſo began their Nuchthemeron 
at Sun-ſetting, but then they divide it into 
twice twelve Hours as we do, reckoning 12 
for the Day, be it long or ſhort, and 12 for the 
Night (a). So that their Hours continually 


(a) According to this Way of reckoning, the Hours of the 
Day mentioned in Scripture are to be underſtood. The Fervs 
iſo divided the Night into four Quarters, called Watches, each 
Watch containing three of their Night Hours. And diſtinguiſhed 
them ſometimes according to the Order of their Succeſſion. Thus 
ve find in Scripture Mention of the ſecond, third and fourth 
Watch, ſometimes the firſt Watch was called the beginning of the 
Watches ; the ſecond, the middle Watch, as not being ended till 
Midnight ; and the fourth, the Morning Watch. The firſt alſo 
was. ſometimes termed the Evening; the ſecond Midnight ; the 
hird, the Cock-crowing ; and the fourth, the Dawwning of the Day. 


yarying 
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varying with the Length of the Day and 
Night, the Hours of the Day were longer 
than thoſe of the Night one half of the Year, 
and the contrary the other. From whence 
their Hours are called Temporary : Theſe at 
the Time of the Equinoxes me equal, be. 
cauſe the Days and Nights are ſo then. The 
Romans alſo reckoned their Hours after this 
Manner, as do the Turks at this Day (a). 


A Week conſiſts of the ſeven Days in moſt 
Countries, called after the Names of the Pla- 
nets as above. But becauſe Eaſter Week 


(a) This kind of Hours are alſo called Planetary, becauſe 
the ſeven Planets were anciently looked upon as preſiding over 
the Affairs of the World, and to take it by turns each of theſe 
Hours, according to the following Order, Saturn firſt, then 
Jupiter, Mars, the Sun, Venus, Mercury, and laſt of all the 
Moon. Hence they denominated each Day of the Week from 
that Planet whoſe Turn it was to reign or preſide the firſt Hour 
of the Nuchthemeron. Thus aſſigning the firſt Hour of Saturday 
to Saturn, the ſecond will fall to Jupiter, the third to Mars, 
and ſo the twenty- ſecond of the ſame Nuchthemeron will fall to Sa- 
turn again, and therefore the twenty-third to Fupiter, and the 
laſt to Mars. So that on the firſt Hour of the next Day, it will 
fall to the Sun to prefide. And by the like Manner of reckon- 
ing the firſt Hour of the next will fall to the Moon, of the next 
to Mars, of the next to Mercury, of the next to Jupiter, of the 
next to Venus. Hence the Days of the Week came to be dil 
tinguiſhed by the Latin Names of Dies Saturni, Salis, Lung, 
Martis, Mercurii, Jovis, and Veneris; and among us by the 
Names of Saturday, Sunday, Monday, Tueſday, Wedneſday, 
Thurſday and Friday. For, as Saturday, Sunday and Monday 

lainly denote the Day of Saturn, the Sun and the Moon; ſo 
Hase, Wedneſday, Thurſday and Friday, denote the Day of 
Tui ſco, Moden, Thor and Friga, which are the Saxon Names 
reſpectively anſwering to Mars, Mercury, Jupiter and Jens. 
Well's Chronol. Chap. II. 


was 
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was formerly eſteemed the firſt or principal 
Week of the Year, and each Day thereof 
was a Feria or Holyday; hence the ſeveral 
Days were diſtinguiſhed among the primitive 
Chriſtians, by the Names of Feria prima, ſe- 
cunda, &c. that is, the firſt, ſecond Holyday, 
e. But the Sunday, or Feria prima, was 
otherwiſe ſtiled by them the Lord's Day, as 
being the Day of our Lord's Reſurrection (a). 


Months are diſtinguiſhed principally into 
two Sorts; vie. Solar and Lunar. The Solar 
Month is either Aſtronomical or Civil (b). The 
Lunar Month is divided into Periodical, Syno- 
cal and Civil. The Aſtronomical Solar 
Month is the Time the Sun takes up in paſſing 
through one of the Signs of the Ecliptic. 

The Periodical and Synodical lunar Months 
have already been obſerved; the former to be 
equal to the Revolution of the Moon about 
the Earth, v/z. 27 Days 7 Hours and 43 Mi- 
nutes.; the latter, the Interval of Time that 
lapſes between two ſucceeding Conjunctions of 
the Moon with the Sun, vig. 29 Days, 12 
Hours, 44 Minutes and 3 Seconds. 


(a) The Hebrew Word which in the old Teſtament is ren- 
tered Week, fignifying a Collection of ſeven, is there ſometimes 
ed for ſeven Years; and in Conformity thereto, our Engl; 
Word Week in thoſe Places muſt be underſtood to imply not a 
Week of Days, but a Week, or Syſtem of 2nd Years. 

(5) A Month or Year is denominated Civil. from its being 
common Uſe in any Republic or Society of People. 


Now 
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Now becauſe in common Uſe it would be g 
inconvenient to have the Months to confiſt of Nau 
odd Pieces of Days; it was uſual _— the More 
Fews, Greeks and Romans, (till Julius 1 r 
made an Alteration) in order to adapt their Nino 
Months to the apparent Motion of the Sun, Mic 
to have their Months conſiſt of 29 and 30 Days Wie 
alternately, one of theſe Numbers being about tte 
half a Day above, and the other about half a Mon 
Day leſs than the 2 Month ; ſo that Mas 
by this Means the ſame Appearances of the Mo. 
Moon would happen nearly on the ſame Day e 
of the Month for a long Time together. This Mer 
Month thus adapted to the laſt mentioned Mi: 
lunar Month, is called the Civil lunar Month; 
and is ſtill made uſe of by the Turks. 

The Egyptian Months conſiſted of 30 Days 
each, 12 of theſe make a Year wanting; 
Days, which they added to the End of the 
Year, and from thence called them Epagomenæ, 
or Supplimental. 

Now becauſe 1 2 civil lunar Months want 11 
Days of a Year, it is evident that the ſeveral 
Seaſons of the Year muſt in Time fall upon 
different Months; to prevent which, Julius 
Cæſar ordained, that the Month ſhould not 
be taken from the Motion of the Moon, but 
from that of the Sun; that they ſhould conſilt 
alternately of 30 and 31 Days, and that Fe- 
bruary ſhould contain 29, and every fourthiz, © 
Year 30. But it happened afterwards that the pace 
Name of the ſixth Month, which was formerly 

Sextilis 
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| be M&xt/7s, was in Honour of the Emperor Au- 
| of N changed for that of his, as that of the 
the N oregoing Month Quintilis had before been, in 
ſar I Honour of his Father Julius; and therefore 
heir Wince this Month conſiſted but of thirty Days 
Sun, N according to the Inſtitution of Julius Cæſar, 
Jays Mae more was added to it; to make it equal to 
bout e foregoing one, that the Honour paid to the 
lf an might not ſeem to fall ſhort of that which 
that Mas paid to the Father. Upon this, the next 
the Month, vi g. September, was reckoned but 30, 
Day ae next 31, and fo on; that the alternate Or- 
This Mir abovementioned might not be deſtroyed, 
oned Mill January, which, according to that Order, 
nth; Mught to have had but 30. But this Month 

king ſo named in Honour of Janus, the 


Days od of Time, it was though improper to rob 
Ig 5 ie God of a Day, wherefore February was 
 thefrduced to 28, and every fourth Year to 29. 
jene, ind fo the Months came to ſtand as they are 


nour Calendar, from whence they are called 
dendar Months. "Theſe are properly civi⸗ 
War Months. | 


upon | 

ulius i The principal Diviſion of the Year is alſo 
1 notWnto two kinds, viz. Solar and Lunar; each 
„ but which are again divided into Aſtronomical 
onliſtWad Civil. "OR 

t Fe- The Aſtronomical Solar Year is of two kinds, 
ourthWiz. Tropical and Sydereal. The former is the 
at theWnace of Time which lapſes while the Sun ap- 
nerly{ſears to moye from either of the Soltitial or 
vtilis B b Equi- 


— 
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uinoctial Points to the ſame again. Now chr 
by Reaſon of the continual Preceſſion of the ¶ -e 
ſaid Points, whereby they do as it were meet | 
the Sun, this kind of Year is ſomething lef (fo1 
than the Sydereal one; which is the Time in Af 
which the Earth performs an entire Revolution" 
in its Orbit, or in which the Sun ſeems to paſs 
from any fixed Star to the ſame again. The 
former conſiſts of 365 Days, 5 Hours, 48 Mi. 
nutes, and 57 Seconds; the latter of 365 Days, 
6 Hours, 9 Minutes, and 14 Seconds, and is 
alſo called Periodical, or Anomaliſtical. The 
Aſtronomical Lunar Year conſiſts of 12 Sync 
dical Months; and is therefore 354 Days, $ 


Hours, 48 Minutes, and 36 Seconds. 1 
The Cidil Lunar Year is alſo of two kind 
vis. moveable and fixed; the moveable cis Vie 
Lunar Year conſiſts of 12 civil Lunar Month alle 


which being but 354 Days, falls ſhort of a Tei Dy 
by 11 Days, ſo that the beginning of this Ye | 
varies with reſpe& to the Scaſons, till it un T 
through them all, which it does in about bur 
Years Time; and from hence it is denomim 
ted Moveable, or the wandring Lunar Tear 
As the Turks now make Uſe of the civil Lun 
8 ſo they alſo do of this civil Luna 

car, 


In order to render this kind of Year fixe ber, 
that is, to prevent the Seaſons from ſhiſtin 
from one Part of it to another, the Greet 10 
and the Romans, till Julius Cæſar's Time, age Ene 
ter every three Years added a Month of * woher 

the 


hiftin 
rreek 
ne, 4 
hirt 


thr: 
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three Days, which they called Embolimeus, or 
the Intercalary Month. 

But becauſe this Method is not ſufficient, 
(for the civil Lunar Years fall ſhort of the 
Aſtronomical Solar Years above 11 Days,) 
others adapt ſuch Intercalatians to them as do in 
manner render the beginning of them fixed 
to the ſame Part of the Solar Year. Hence 
theſe Years properly intercalated are called fixed 
Lunar Years, as alſo from their Dependency 
m the Motion both of the Sun and Moon, 
Luni-Solar Years. Years of this kind are uſed 
by the Jews, and the Clergy of the Church 
o Rome in their Eccleſiaſtical Affairs. 

The civil Aftronomical Year is alſo either 
wueable or fixed. The moveable one was in 
Uſe WN the Eg yptians, and is from thence 
alled, the Egyptian Year. It conſiſted of 365 
Days, and t — fell ſnort of the tropical 
- with which all the Seaſons return, near 
ix Hours; ſo that four ſuch Years are leis than 
bur Aſtronomical Solar ones, by almoſt a whole 
Day, and therefore in 1460 Years, the begin- 
ting of the Year would paſs through all the 
deaſons. 

Although the Romans did not uſe this kind 
of Year, yet theirs, taking one Year with ano- 


ber, was of the ſame Length (a); Julius Cæ- 


(a) For having as obſerved above, fix Months of 29 Days 
ach, and fix of zo, and an Intercalary Month of 33 Days, at 
he End of every third Year; their Years conſiſted one with 


wether of 365 Days. 
b 2 ſar 
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ſar therefore to fix this Year, when he rectified 
the Calendar, and threw out the civil Lung 
Months, to make up the ſix Hours which this 
Year wants of the true Aſtronomical Solar Year, 
and with which only the Seaſons keep pace, 
ordered that every fourth Year ſhould have an 
intercalary Day, 7. e. that a Day ſhould be ad- 
ded to the Calendar, over and above thoſe it 
contain'd the other three, or that every fourth 
Year ſhould contain 366 Days. Hence it was 
that as we obſerved above, February came to 
have 29 Days every fourth Year. But he did 
not add it to the End of the Month, but or- 
dered that the ſixth of the Calends of March, 
which according to our way of Reckoning is 
the 24th of February, ſhould be reckoned 
twice. Upon which Account that Year was 
wont to be called Biſextilis, and is ſtill n- 
tain'd by us under the Name of Leap Yew, 
From hence, Years reckoned after this Manner 
are called Julian Years. 

But however the Year was not rendered fixed 
by this means, for it was now too long by 
about eleven Minutes, and therefore varied 
from the Sun about a Day in 131 Years. 80 
that from the Time of the Nicene Council, 
(in which the Rule was eſtabliſhed for the Time 
of celebrating Eaſter) to the Year 15882, in 
which Pope Gregory the XIIIth undertook a 
farther Reformation of the Calendar, there 
was found to have roſe a Variation of 10 Days, 
the yernal Equinox being obſerycd to fall . 

| | the 


on 
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the 11th of March, which at the Time of the 
Nicene Council, fell on the 21ſt. The Pope 
therefore in order to bring back the Equinoxes 
to the Time of the Vear they fell upon at the 
Time of that Council, took thoſe ten Days 
out of the Kalendar by ordering the 5th of 
October 1582, to be reckoned the 15th, which 
neceſſarily removed the following Equinox from 
the 11th to the 21ſt of March. And to pre- 
rent the Seaſons of the Year from going back- 
wards for the- future, he ordered that every 
hundredth Year, which according to the Form 
nftituted by Julius Ceſar, was to be a Biſ- 
(extile or Leap Year, ſhould be a common one, 
and conſiſt only of 365 Days, but that ſince 
too much would be taken away by this Means, 
erery fourth hundred Year ſhauld remain Biſ- 
ſextile. 

This Method being eſtabliſned by Pope 
Gregory, is called the Gregorian Account, or 
the New Stile, as being new in compariſon of 
that eſtabliſhed before by Julius Ceſar, which 
s now called the Old; and is obſerved in all 
Places where the Papal Authority is acknow- 
kdged; as alſo, towards the End of the laſt 
Century was received by many of the reform- 
ed People in Germany. In Great- Britain 
ind Ireland, and in ſome reformed Nations of 
the Northern Parts of Europe, the old Julian 
Form is ſtill retained. But above an hundred 
Tears being now lapſed fince the abovemen- 


F tioned Reformatibn of the Calendar, and the 


hundredth 
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hundredth Year not being made a common one, 
as in the Gregorian Method; - the Gregorian 
Account differs now from the Julian one Day 
more than it did at its firſt Inſtitution ; ſo that 
that Day which according to the Old Stile is 
the firſt of the Month, is the 12th of the ſame 
according to the New. 

As the Form of the Year in different Nations 
is various, ſo alſo is the Beginning of it. Thus 
the Jews begin their Eccleſiaſtical Year with 
the neu Moon of that Month whoſe full 
Moon happens next after the vernal Equinox, 
The Church of Rome, with the Sunday that 
falls upon the ſaid fu Moon, or that happens 
next after it; that is, with the Feaſt of the 
Reſurrection of our Lord. The Grecians be- 
gan theirs with the new Moon that happened 
next after the Summer Solſtice. And the R. 
maus anciently began theirs with the new 
Moon next after the Winter Solſtice. The 
Venetians, Florentines, Piſans in Italy, and 
the Inhabitants of Triers or Treves in Germany, 
make the vernal Equinox the Beginning of 
their Year. The ancient Clergy made the 25th 
of March, or the Feaſt of the Bleſſed Virgin, 
the Beginning of the Year; which Method 
the Church of England ſtill retains; and ac- 
cording to our Law the Year begins here too, 
though in Things that do not require a /ega/ 
Date, we, with the neighbouring Nations, 
look upon the firſt Day of January to be the 
Beginning of the Year, 


The 
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The Perſians ſtill retain the Egyptian Year, 
nd the Period in which the firft Day of it 
paſſes through all the Seaſons of the Aſtrono- 
mical Solar Year, viz. 1460 Years, they call 
the Sothiacal Period, or great Dog-Star Tear ; 
2s being reckoned to begin in that Year in 
which the Dog-Star (or Sothis) riſes Heliacally 
on the firſt Day of the Month Thoth, which 
is the firſt Day of their Year. 


A Cycle is a continual and ſucceſſive Revo- 
lution of a certain Number of Years. The 
Cycles are four, vig. the Cycle of the Sun, the 
Cycle of the Moon, the Cycle of Dionyſius, the 
Cycle of the Indiction. | 

In order to apprehend the Foundation and 
Nature of the Cycle of the Sun, it muſt be 
obſerved that to cach Day of the Year is aſſign- 
ed in the Calendar, ſome one of the firſt ſe- 
ren Letters of the Alphabet A, B, C, D, E, 
F, G, the firſt Letter A being affixed to the 
firſt Day of January, to the ſecond B, and fo 
to G. Aſter which the Letters are repeated 
gain in the ſame Order, A falling to the 8th, 
B to the gth, Sc. By which means, becauſe 
the common Year contains 52 Weeks and one 
Day over, the laſt Day of December has alſo 
the Letter A affixed to it. The Letters being 
appropriated in this manner to each Day of the 
Year, it follows, that which ever of the Letters 
belongs to any particular Day in the firſt Week 
of January, that Letter will belong to the 


ſame 
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fame all the Year long. But ſince the fame I ve 
Letter, viz. A, is affixed to the laſt, which | 
is affixed to the firſt Day of the Year, it 
is obvious, that at the End of one Yea ®: 
and beginning of the next, two ſuccced. 
ing Days will have the fame Letter A; 
ſo that if Monday had an A the laſt Year, 
Tueſday has it this, and Monday the G: And Net 
therefore the Letters will move backwards n,, 
with reſpe& to the Days of the Week; tor N un 
Inſtance, that Day which has G one Year, will N uin 
have F the next, after that E, then D, and ſo g + 
on to A; and conſequently the ſame Day will ¶ Let 
run through the ſeven Letters in ſeven Ve 7 
Time. But before the ſeven Years are expired, urs 
a Leap Year will intervene, having one Day Mz ca 
more than common, which Day is added at the ¶ viſe 
24th of Tebruary (a), and has the fame Letter n 
that the 24th has, ſo that in this Caſe, as there 
was a Change or Regreſſion of the Letters, MW 7. 
with reſpect to the Days of the Week, upon y 
the Account of two Letters coming together at pp 
the End of one Year, and the beginning of theſſipon 
next, there will be another like Change in 7. 
February alſo; and therefore, as in the former 
Caſe, the ſame Letter would have run through 
all the Days of the Week in ſeven Years n th 
this ſecond Change happening once in ſou 
(a) Some ſay it is added after the 28th, and that it has th 


fame Letter with that, From this Uncertainty there ariſes 2 
Difficulty in fixing the Day of the Celebration of the Feſtival ol 


lnday ] 
the \ 


St. Matthias, which has occaſioned a great Diſpute among the (5) T 
Learned. hor | 
Years 


ear 
ed- 
A; 
ear, 
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Years, the Courſe of the Letters is fo oft in- 
terrupted; that it does not become the ſame 
2gain, till after four times 7, or 28 Years. 
Thus, ſuppoſe a Leap Year begins with a 
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Sunday, it will end with a Monday; in 
which Caſe, A and G will be the Daminical 
or Sunday Letters, becauſe A is appropriated 
to the firſt of January, and G to the zoth of 
December: But ſuch another Year cannot re- 
tum till after 28 Years, as any one that tries 
will readily find; the Conſequence of which 
s, that thoſe two Letters cannot be Sunday 
Letters again in one Year, till after that ſpace 
Time. And becauſe the ſame Sunday Let- 
ters do return after every 28 Years, that Term 
called the Cycle of the Sunday Letter, or other- 
viſe, though not ſo properly, the Cycle of tb 
dun (a). 


The Cycle of the Moon is a Revolution o 
9 Years; after which Time, as was anciently 
hppoſed, the new and full Moons would fall 
upon the ſame Days of the Year again (6). 

This Cycle is therefore of great Note in the 

e) The ninth Year before our Saviour's Birth, was the firſt 
« this Cycle; from whence may eaſily be known what Year 


0 it the preſent is. The firſt of this Cycle is always Leap Year, 
and has for its Dominical Letters G and F. And the Letter A 


ba already obſerved, always affixed to the firſt Day of Fanuar;. 


rom which Data may at any Time be computed what is the 


ariſes andy Letter for the preſent Year, and from thence what Day 


tival of 
ong the 


Tears 


the Week each Day of the Year falls on. 
(5) This is alſo called the Metonic Cycle from Meton, the 


luthor of it. | = 
Cc Chriſtian 
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Chriſtian Church, a Method founded upon this tl 
Suppoſition, being eſtabliſhed by the Fathers I /! 
of the Niceue Council, for finding the Time of I 4 
celebrating Eaſter, and the other moveable of 
Feafts of the Church for any Time to come. 0 
In order to underftand which, we muſt ob- 
ſerve, that as the Chriſtian Paſſover, or Feſti- W pl 
val of Eaſter, ſucceeded the Jewiſh one, the il f 
Time of its Celebration was regulated by that N it 
upon which the Zewr/b Paſſover was at its In- 
ſtitution, by God himſelf appointed to be ke on 
which was on the fourteenth Day of the firſt M 
Month, according to the manner of reckoning the 
among the Jews, Exod. 12. Now the Fewijb 


Months being Lunar ones, each Month began e 
upon the Day of the new Moon, or however Lid 
at the Time of its Heliacal riſing, and ſo the re: 
fall Moon fell upon the fourteenth of each the 
Month. And further, that Month was called fall 
the firſt of the Year, whoſe full Moon or four-M 23) 
teenth Day, either fell upon the vernal Equi ber 
nox, or was the firſt that ſucceeded it. And the 
at the Time of the Nicene Council, whe Feb; 
the Rule for finding Eaſter was drawn up, the they 


Equinox fell, or was thought to fall, on the Tea 
21ſt of March. But becauſe our Saviour ea 
Reſurrection, which the Feſtival of Eafter if ® L 
deſign'd to commemorate, happened on a Su 
day; it was ordered that it ſhould not be kep 
on the full Moon, but the Sunday following 
Accordingly the Rule then eſtabliſhed for find 


ig-Eaſter, and which is ill made uſe of , paced 
[6 
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the Church, runs thus; Eaſter-Day is always 
the firſt Sunday after the firſt full Moon, whuch 
happens next after the One and twentieth Day 
arch, And if the full Moon happens up- 
nA Sunday, Eaſter-Day is the Sunday after. 

The Foundation of the Rule being thus ex- 
plained, it remains now to ſhew the Meaning 
of it, which is not ſo obvious as at firſt Sight 
it appears to be. 

It is to be obſer ved then, that in order to find 
on what Days of the Year the new and full 
Moons would happen for the Time to come, 
the ancient Method was to obſerve on what 
Day of each Month, the new Moons fell in 
each Year of the Moon's Cycle, and to the 
hid Days reſpeCtively to ſet the Number of the 
Year in their Calendar. Thus, obſerving that 
the new Moons in the firſt Year of the Cycle 
fill on January the 23d, February 21, March 
23, Sc. to thoſe Days they affixed the Num- 
ber 1. And in like manner obſerving, that, in 
the ſecond Year, they fell on Jauuary 12, 
February 10, March 12, Sc. to each of them 
they put the Number 2; and ſo ſor each 
Year of the Cycle. And on Account of their 
great Uſefulneſs, or becauſe they were wrote 
n Letters of Gold, the Number thus ſet to 
the Days on which the new Moons fell, were 
alled the Golden Numbers (a). 


(a) In the Table for finding Eaftrr for ever in ſome Common 
Payer-Books, they are fliled Prime Numbers, probably as being 
paced in the Prime or firſt Column of the Calendar 


c 2 The 
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The Numbers being thus affixed in the Ca- 
lendar, it is only looking for the Golden Num- 
ber of any Year; and over-againſt it you have 
the Day in each Month of that Year, in which 
the new Moon happens. 

Thus, at the Time of the Nicene Council 
the Time of the new Moon's might be accu- 
rately enough ſound, but not at this Time, be- 
cauſe the new Moons do not happen at the 
ſame Time of the Year every 19 Years, but 
fall ſhort an Hour and half, which in 304 Years 
comes to a Day, ſo that now the new and full 
Moons fall almoſt 5 Days ſooner than they are 
ſhewn to do by the Golden Numbers,. affixed 
to the Calendar. | 

However, as no proper Authority has inter 
ven'd to alter the Method of finding the Zaſter 
full Moon by the Golden Numbers, eſtabliſh'd 
at the Nicene Council, that Method is ſtill te 
tained in the Church. And therefore to under- 
ſand the abovementioned Rule aright, it muſt 
be ſuppoſed, that by the full Moon is meant 
the Time of the ſull Moon as found by the 
Golden Numbers affixed to the Calendar in the 
Common Prayer Book, and not by an Alma- 
nac, or by Aſtronomical Obſervation (a). 


(a) The firſt Year of Chriſt was in the zd of this Cycle 


By the abovementianed Method the true new Moon may © 
any Time be found, if we deduct five Days in Conſideration of 


the abovementioned Deficiency in the Moon's Cycle, and ſup 
poſe the new Moon to fall fue Days ſooner than that Methe 
Mews it to do. 
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By multiplying the Cycle of the Sun and 
Moon together, we have a third Period, con- 
taining the Properties of both the other two, 
ſo that at the End of this Cycle not only the 
Days of the Week have the ſame Letters be- 


longing to them, and ſo fall on the ſame Days ' - 


of the Month, but the new and full Moons 
alſo fall on the ſame Days of the Year, ſo that 
the Time of celebrating Eaſter and the other 
Feſtivals of the Church, return to the very 
fame Days of the Year. From whence this is 
called the great Paſchal Cycle, and ſometimes 
fom its Author, the Dionyſian Cycle (a). It 
conſiſts of 532 Years, and the firſt Year of it 
was 457 Years before Chriſt, | 


The Cycle of the Indiftion is a Revolution 
of 15 Years made uſe of by both the Greeks 
ind Romans, probably upon ſome political 
Account. It has no Relation to the Motions 
of the Heavenly Bodies. The Nativity of 
dur Saviour fell upon the 4th of this Cycle. 


By multiplying the three Cycles of the Sun, 
Moon, and Indiction together, ariſes a Term 
of 7980 Years, called the Julian Period; 
which as it began ſeveral hundreds of Years 
before the Creation, and is not now ended, and 
n all probability will not, ſo long as the World 
lands, is of ſingular Uſe in Chronolegy, as 

(2) This is alſo by ſome called the Victorias Period. 


taking 
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taking in all Events, both paſt, preſent and to] 


come, 
This Period was invented by 7oſeph Scaliger, - i 
and began 4713 Years before Chriſt. ö 1 
Not 


An Ara, otherwiſe called an Epoch, is 4c, 
Continuation of Time beginning from ſome 
certain Point, as from a Root, and continually 7 


proceeding forwards without beginning again. C/ 
That which is of principal Note among... 
Chriſtians, is the Ara of Chriſt. peri 


The Author of this Æra was Dionyſius Ex. Noche 
iguus, who flouriſhed about 500 Years afte 

hriſt. He began it on the Annunciation o be 
the Virgin Mary, or the 25th of March : te 7 
25th of March, as he ſuppolcd, immediately 
preceeding the Nativity of our Lord: but it 
is now generally thought that our Saviour was 
born the December before that, wherefore 
others, beginning the Ara from the Nativity 
it ſelf, or the 1ſt of January following it 
reckon almoſt a quarter of a Year before thoſe 
who adhere to the Dionyſian Account. 

The Engliſh and Iriſh ſtill adhere to the 
Dionyſian Account in their eccleſiaſtical and 
civil Affairs, which all the reſt of the World 
and even they themſelves in common Account 
have laid aſide for that which begins at Jau 
ary the firſt. This Ara is frequently reckonec 
backwards, as well as forwards: Thus, it is 


uſual to ſay an Event happened ſo many Vea, 


before Chriſt. 
The > } 
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The firſt Year of this AEra, agreeably to 
what was obſerved above, anſwers to the 
5 1Ath of the Julian Period. 

There are ſeveral Epochs or Æra's of leſs 
Note, which I ſhall bur juſt mention; this 
Chapter having already run out to a much 
greater Length, than I at firſt intended. 

The Ara of the Creation according to the 
Greek Church, and which is now of Uſe in 
ſome Eaſtern Nations, begins before the Julian 
Period, 97S. 5508 Years before Chriſt. Tho? 


"Mothers, among whom are the greateſt Aſtrono- 


ners, begin it ſomething leſs than 4000 Years 
before our Saviour's Birth. 

The ra of the Deſtruction of Troy, ac- 
wding to Dionyſius Halicarnaſſeus and Dio- 
torus Siculus, begins 1181 Years before Chriſt. 

The Ara of the Olymprads, or Olympic 
Games of Uſe among the Greeks, 776 before 
Chriſt, 

The Ara Urbis condite, or of the Building 
if Rome, made Uſe of by the Romans, ac- 
cording to Varro, began 753 Years before 
Chriſt; according to the Faſt: Capitoling, 7 52. 

The Era of Nabonaſſar made Uſe of by 
the Chaldeans and Egyptians, famous among 
Aſtronomers, as conſiſting of Egyptian Years, 
which are diſturbed by no Intercalation. It 
begins 747 Years before Chriſt. 

The Ara of the Death of Alexander the 
Great, 324. 

The ra of the City of Autioch, 49. 1 

he 
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Calendar, 45. 
The Era Actiaca, 30. 
The Diocleſian Mra, 284 Years after Chriſt, 
The Ara of the He 75.6 or Flight of Ma. 


Bomet, uſed by the 


urks and Arabs, 62: 


after Chriſt. 

The Ara of Teſdegird or Perſian Ar, 
632 after Chriſt. 

N. B. A Year in the Ara's of the Death 
of Alexander, and of NabonaſJar, conſiſts but 
of 365 Days; and a Year of that of the He. 


gira is only 354. 


As the 3 of this Chapter, though 


| founded in Af 
the Science of Chrono! 


ronomy, relates principally to 
„of which this Con- 


pendium is not deſigne to treat; I have little 
more than thrown a few Definitions together, 
leaving it to thoſe who would ſee more on the 
Subject, to conſult ſuch Authors as have wrote 
more largely thereon; as Gregory, Keil, Wells, 
Whitby on the Common-Prayer, and many 


others. 
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CHAP. XVIL 


Of the Forces neceſſary to retain Bo- 


dies revolving iu circular and other 
Orbits. 


And firſt of circular Orbits. 


N Order that a Body may move round in 

the Circumference of, a Circle, it is requi- 
lite, that as ſoon as the Body begins to move, 
ſome Power or Force continually act upon it, 
n ſuch manner as to make it bend its Courſe 
erery Moment towards the Center of the Circle 
becauſe, as is obvious to conceive, it would 
ther wiſe only move right forwards (a); for in 
Conſiderations of this kind, we do not ſuppoſe 
the revolving Body to be affected even by its 
own Height, or any other moving Cauſe what- 
ever, except that whereby its Motion is made 
arcular : And becauſe the Circumference of a 
Circle is every where equally diſtant from the 
Center thereof, it 1s obyious there muſt be the 
noſt exact Adjuſtment imaginable between the 
tower that retains the Body in the Circle, 
hate ver that Power be, and the Endeavour 
the Body has to move right on in a ſtraight 
ine: For in Caſe the former be an over-balance 


vr the latter, it will bring the Body nearer 
(a) See Part I, Chap. IV. 
D d 


and 
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and nearer to the Center of the Circle it ſhould F 
deſcribe; and on the other hand, if it be too di 
weak, it permits it to move farther and farther I th 
off. So that the Body, inſtead of a Circle, Fe 
will deſcribe ſome other Figure, which will be I dif 
of this or that Form, according as the Force ¶ po 
the Body moves with, compared with the Power ¶ Sic 
which bends its Courſe, is greater or leſs; and I Bo 
not only ſo, but as this latter Force (which is 
ſometimes the Caſe) acts more or leſs power- 
fully, as the revolving Body comes nearer or 
goes farther from the Point it revolves about, 
And here we may have recourſe to a Fact ob- 
vious to every one, which will in ſome Meaſure 


illuſtrate what we have been ſpeaking of. Let that 
a Ball be hung up by a String: This Bal, ton 
when drawn a little to one Side, will endes- no. 
vour to return back to the loweſt Point, as 1H Upf 
there were ſome Power ſeated in that Point to te 
draw it thither from all Sides. But the Bodi t de 
may have a Caſt given it ſideways in fuchW! t 
Manner, as that by Virtue of the Caſt, and by Cent 
Virtue of its Tendency to the loweſt Point 1 
together, it ſhall deſcribe a Circle parallel tq N 


the Horizon; or inſtead of that it may be mad quire 
to deſcribe other Figures, as Ellipſes ſuppoſeſ cſa 
which will be of various Forms according t Man. 
the Force and Direction of the Caſt given t Obi 
the Ball. And if we ſuppoſe ſeveral Ball 
hung up, which when removed to equal Di 
tances from their loweſt Points, ſhould ten; 
thither again with unecqual Forces, and the 


Force 
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nd Forces urging them by different Laws and in 
too different Manners, the Figures deſcribed by 
hey them, when thrown Sideways with this or that 
cle. Force and Direction, will be proportionably 
| be different one from another. Now in this Sup- 
xrce poſition, the Caſt which is given to the Ball 
wer Sideways, correſponds with the Endeayour a 
and Body revolving in the Circumſerence of a Circle 
h is Nor other * has to move right on continu- 
wer- ally, and ſo to leave the Center it ought to 
r or revolve about; and the Endeavour, Struggle 
out. ¶ or Tendency the Ball when drawn to one Side, 
ob- has to move towards the loweſt Point, or ra- 
re ther the Power which is, as it were, ſeated in 
Ia that loweſt Point, and occaſions the abovemen- 
Ball, MWtoned Endeavour or Tendency in the Ball to 
der- nove thither, correſponds with the Power we 
as i uppoſed above neceſſary to retain a Body in 
nt tate Circumference of the Circle or other Figure 
Body t deſcribes, and which by bending the Courſe 
ſchMoſ the Body inwards, that is, towards the 
1d by Center of the Figure, prevents it from going 
inWof in a ſtraight Line. 
lel t We are therefore in the next Place, to en- 
madd quire what Forces or retaining Powers are ne- 
ppoſe ſary to bend the Courſe of Bodies in ſuch 
ing tt Manner that they ſhall deſcribe this or that 
ren t Orbit (a); and ſince the Planets both primary 
Dd 2 and 


Di ) For unleſs we can meaſure the Forces we aſſign, and 
ky they are exactly equal to the Effects we ſuppoſe them to pro- 
bce, it would be in vain to aſſign them at all. And this is 
theſch iat makes the Difference between true and falſe Philoſophy. 


Force The 
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and ſecondary, as alſo the Comets, deſcribe Þ rc 
Orbits either circular or elliptical, as obſerved ] ſe 
above, we will confine ourſelves chiefly to the cc 
Conſideration of the Forces neceſſary to retain 
revolving Bodies in ſuch Orbits. This Subjed 
has been already touched upon in the firſt Par 
of this Compendium (a), under the Title of 
Centripetal and Centrifugal Forces; but little 
more 1s taken Notice of there, than what wa 
requiſite to ſhew the Poſſibility of ſuch a Mo ** 


tion as we are ſpeaking of, and to explain the T 
Terms; which are theſe that follow, viz. Cen- p 
tripetal Force, or that whereby the revolving 0 
Body is prevented from going on in a right V. 
Line: The Centrifugal Force, or that by Be 
which it endeayours to go on in ſuch a Lie!“ 
Theſe, like Action and Reaction, are equal in ; 
all Caſes, and therefore called by one common{iff © | 
Name, Central Forces: That whereby the 7 
Body continues its Motion, is the Project ** 
Force; and the Time in which it revolves once ay 
| | | an 
be 

The former by a mathematical Scrutiny, (as it were by a kind 
of Menſuration) finds that the Cauſes aſſigned are juſily adapted 7 
to the Facts accounted for; while the other, by a conjectural kind dra 
of Method, aſſigns Cauſes which perhaps are plauſible at fi be a 
Sight, but when meaſured by the Rules of Geometry, are found de q, 
either too ſmall or too great for the Effects they are ſuppoſed i In th 
produce. | ; "wk 
This was the Caſe of Des Cartes's Vortices, the Doctrine ol or rei 
which captivated the whole Philoſophical World, and continue ſtom 
to do fo, till they were weighed in that unerring Balance, an in eve 
thereby diſcovered to be inadequate to the Purpoſes for whit cj, 
they were contrived. Quan 
- (a) Chap. VIII. in on 


round 


a kind 
adapted 
ral kind 

at fi 
e found 


poſed tt 


trine C 
»ntinue( 
ce, and 
Which 
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round, is called the Periadical Time. The 
ſeyeral Caſes proper to be conſidered, ſhall be 
compriſed in the following Propoſitions. 


OD O0L1ETOHN HK 


When two or more Bodies revolve at equal 
Diſtances from the Center of the Circle they 
deſcribe, but with unequal Velocities, the cen- 
tral Forces neceſſary to retain them, will be to 
each other, as the Squares of their Velocities. 
That 1s, if one revolves twice as faſt as the 
other, it will require four times the retaining 
Force the other does; if with three times the 
Velocity, it will then require nine times the 
Force to retain it in its Orb. (5c. (a) | 

N. B. We do not here conſider the Magni- 
tude of the revolving Body, becauſe we ſup- 
poſe the Power at the Center, to act upon every 
Part of it alike, ſo that the larger it is, the 
more forcibly in Proportion it is ated upon; 
and therefore it is the fame thing, whether it 
be large or ſmall. 


(a) Let BDF Fig. 25. repreſent a Circle whoſe Center is 8, 
draw ABC a Tangent to the ſame at the Point B, and let there 
be a Body moving from A towards C, and let it be ſuppoſed to 
be deſtitate of Weight, or whatever elſe might alter its Courſe. 
In this Caſe it would deſcribe the right Line ABC; but when it 
comes at B, let it begin to be ated upon by ſome central Force, 
or retaining Power ſeated in 8, ſuch as ſhall bend its Courſe at B 
from a rectilineal to a circular one, and acting upon it afterwards 
in every Inſtant of Time in like manner, ſhall cauſe it to deſ- 
tribe the Circle BDFB. Let us then procced to eſtimate the 
Quantity of Force exerted in producing one of theſe Bendings ; 
n order to which let us conceive a Point of the Circle as D to 

| be 


208 Of Circular Orbits. Part IV. 


be the very next to the Point B, though taken at ſome Diſtance 
in the Figure to avoid Confuſion of Lines. Parallel to the 
Diameter BF draw the Line CD, and Parallel to the Tangent 
BG the Line DG, draw alſo the Line BD, which will be the 
Diagonal of the Parallelogram CG. Now it is well known 
that ſuppoſing a Body would move from B to C, and by Virtue 
of ſome other Force acting upon it at the ſame Time, would 
move from B to G, it will neither move to C nor G, but to D; 
that is, its ſtraight Courſe will be bent into a circular one at B, 
for that is what is meant by its moving from B to D when B and 
D are contiguous, as is here * BG therefore is the Space 
over which the revolving Body would move by that Action of 
the central Force which cauſes the Bend at B, or any other 
Point of the Circle. And as BG is equal to the Space over 
which the revolving Body would move by Virtue of the central 
Force, it will always be proportional to the Force it ſelf. The 
Value of that Line is therefore now to be determined, Join the 
Points D and F, then (by 31. El. 3.) the Triangle BDF will 
be rightangled at D, and conſequently (by 8 El. 6.) BG: BD 


:: BD: BF, from whence BG =; but when B and D 


are contiguous (as is here ſuppoſed) the Difference between the 
he Arch 
Chord BD and the Arch BD vaniſhes, ſo that pon = 
Having thus found a Quantity proportionable to the Act of the 
central Force requilite to retain a revolving Body in a Circle, 


we may proceed to eſtabliſh the following fundamental Lemma. 
LEMM A JI. 
The Space that a Body retained in a Circle, by Virtue of any 


central Force, would move over in a given Time, by Virtue of 
that Force only, is equal to the Square of the Arch deſcribed 
in that Time, divided by the Diameter of the Circle. 

Dem. The Action of a central Force upon a revolving Body is 
analogous to that of Gravity upon falling Bodies, and therefore 
the Space a Body would move over by Virtue of that Force 
only, is as the Square of the Time that Action continues: as 
then the Square of the Time the Arch BD is deſcribed in (the 


Points B and D being contiguous as before) is to 1715 which by 


what was ſhewn above, is a Quantity equal to the Space the 
Body would move over towards the Center in that Time, fo is 
the Square of the Time given to the Space the Body would move 
over by Virtue of that Force in that Time. If we then put / to 

expres 
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tance WF expreſs the Time the Arch BD would be deſcribed in, T for the 
the Time given, and S the Space the Body would move over towards 
gent I the Center in that Time, we ſhall have this Proportion. 
e the Viz. 12 8 ” 

* BF * oy 


— 
© 
7 
> 
— 


aue Let the Arch the Body would 
D deſcribe in the Time T, be the 
ch BN, then becauſe the Mo- 
3 ang Wl of the Body in the Circumfe- 
an" Wl tence of the Circle is uniform, 


* we have 21t: T:: BD: BN 
* Squaring the laſt Proportion, 

we have : 3114: T4 : : BDA: BNa 
_ Altering the Poſition of the BD 


The Means in the firſt Proportion, wel 41: TA: 775 8 


in the hre i : BD 
F will Comparing the third and fourth 5|BD4 : BNq : ; TA 28 


ſtep together. 
+200 Turning the 5th Step into an[g|s x BDA — BN BD 
nd D Equation. BF 


3 BNq 
dls Dividing the laſt by BDq 71S = FF Q. E. D. 


Coroll. From this Lemma it follows, that the central Force 
— requiſite to retain a revolving Body in the Circumference of a 
vircle, Circle, muſt be ſuch as ſuppoſing the projectile Motion ſtopp'd, 
„ would cauſe the Body in the Time it would otherwiſe deſcribe 
ny Portion of that Circumference, to move towards the Center 
of the Circle over a Space or Diſtance of ſuch Length, as would 
ariſe from the Diviſion of the Square of that Portion of the 
Circumference by the Diameter of the Circle. And conſe- 
quently, it will in all Cafes be proportionable to the Square of 
the Arch the Body would deſcribe in a given Time divided by 
the Diameter of the Circle: Becauſe the Force exerted in any 
Time is proportionable to the Space it cauſes a Body to move over 
n that Time. 

To illuſtrate this, ſuppoſe the Diameter of the Circle 25 
Feet, and the Arch BN 10 Feet, and that the reyolving Body 
moves over thoſe 10 Feet in a Minute. Then the Square of 
IN, which is 100, divided by the Diameter, or 25, gives 4 
feet: The central Force therefore at 8, neceſſary to make the 
Body revolve in the Circle BNF at the Rate of 10 Feet in a 
Minute, muſt be ſuch, as ſuppoſing the Body left to itſelf at 
„ (that is, without any Motion at all towards C, or any Weight 

or 
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or Gravity of its own) would make it move over 4 Feet towards Wc! 
8 in a Minute, Again, ſuppoſing Things as before, only that Wl im. 
the Body revolves with but half its former Velocity, that is, that Velo 
it deſcribes but 5 Feet of the Circumference of the Circle ina de! 
Minute; then the Square of that 5 Feet, which is 25, divided N 
by 25, the Diameter gives 1 ; ſo that the central Force in this MW Prop. 
Caſe muſt be ſuch, that by Virtue thereof a Body deſtitute both r J 
of Weight and projectile Force, ſhall move over a Space 1 Foot 

long in a Minute. And converſely, if there be a Circle, whoſe Th 
Diameter is 25 Feet, and there be a Power lodged in the Center 
thereof capable ef cauſing a Body to move over the Space of 
4 Feet in a Minute; then in order that a Body may be made 
to revolve round in the Circumference of that Circle, it muſt 
be thrown forwards in a Direction at right Angles with the 
Radius of the Circle, with ſuch Velocity as would carry it over 
the Space of 10 Feet in that Time. And if the central Force 
be capable of cauſing it to move over but 1 Foot in a Minute, 
then it muſt be thrown forwards with a Velocity that ſhall make 
it move at the Rate of only 5 Feet: Or, fince the Velocity 
is uniform, and therefore the Arch deſcribed is proportional to 
the Tims it is deſcribed in, inſtead of an Arch as BN to calculate 
with, we may take the whole Circumference, and fay, that 
the Space a Body would move over by Virtue of the Central Farce 
alone, in the Time it deſcribes the whole Circumference, is equal 
to that which would ariſe from the Diviſion of the Square if 
that whole Circumſerence by the Diameter of the Circle. Ard 
this is that exact Adjuſtment between the central and projectile 
Force we have been ſo long in Search of. 

Suppoſe then we would calculate, how far a Stone would 
fall by its own Weight, in the Time in which, if thrown for- 
wards with a ſufficient Velocity, it would move quite round the 
Earth in a Circle. Let us call the Diameter of the Earth, 
that is, the Diameter of the Circle it deſcribes, 1, then the 
Circumference thereof would be 3 nearly, the Square of that 
3, is 9, that divided by the Diameter 1, gives 9; ſo thata 
Stone would fall by Virtue of its own Weight through a Space 
equal to about 9 Diameters of the Earth in the Time it would 
revolve once round it. But it is here to be obſerved, that the 
Stone muſt be ſuppoſed to be of the ſame Weight during its 
whole Fall, that it is of at firſt ; and ſo in all other Caſes, we 
ſuppoſe the Energy of the central Force to be the ſame at all 
Diſtances whatever, unleſs when the contrary is expreſſed. 

We have hitherto been conſidering the Energy of the central 
Force, by comparing the Space it would cauſe a Body to move 


over in any certain Time, with the Space the Body ought to 
deſcribe 
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ard, beſcribe along the Circumference of the Circle in the ſame ' 
that Time: Let us now take it in another View, and compare the 
that WY Velocity a Body 2 to move with to deſcribe a Circle, with 
the Velocity it would acquire in moving over ſome certain Space 
ided b Virtue of the central Force only ; from whence will ariſe a 
this WM Propoſition very uſeful in Matters of this kind; and which 
doch er Diſtinction Sake we will call 
Foot f L EMMA II. 
hoſe WM The Velocity a Body ought to revolve with in the 
ho Circumference of a Circle, is ſuch as it would acquire in 
© of voring by Virtae of the central Force only, over half the 
made WM Radius of that Circle. To explain this, let the Body be ſup- 
mul WM poſed at Reſt at B, and let it be ated upon by a central Force at 
| the . Upon this the Body will proceed towards 8 with a Motion, 
over which will increaſe every Moment (becauſe as in the Caſe of 
Force WY fling Bodies we ſuppoſe the central Force acting upon it with 
nute, de fame Intenſeneſs, whether the Body moves or not) and the 
make Wl inſtant it gets half Way to the Center 8, it will have acquired 
locity me certain Degree of Velocity; that's the Velocity it ought 
aal to WM move with along the Circumference of the Circle to render 
culate W's projeftile Force an exact Counterbalance to the centripetal 
- tha M of the Power at S. Thus, ſuppoſe there were a Loadſtone 
Fs ird at S, and a Piece of Steel at B, diveſted of its own Weight, 
þ that it might be at Liberty to move freely towards the Load- 
re of lone, and to make the Inſtance parallel to the Caſe before us, 
Arg Wt it be ſuppoſed that the Loaditone attracts the Steel with the 
jedtile ime Degree of Force at all Diſtances, then whatever Velocity 
lat Steel would have when it had got half way to the Loadſtone, 
would Mats a Velocity with which if the Steel were thrown from B 
n for. ing the Tangent BC, it would move round in the Path BDFB 
nd the Im approaching towards or receeding from the Loadſtone. But 
Earth, WI" Steel muſt be ſuppoſed to meet with no Reſiſtance from the 
en the i, for if it does it will continually loſe ſomewhat of its Velo- 
f that N, and ſo after ſome Revolutions would fall upon the Body of 
that a Ne Loadſtone. Again, ſuppoſe it were required to find the Ve- 
Space iy a Ball ought to be thrown forwards with at a ſmall Diſtance 
would m the Surface of the Earth, that it ſhould move quite round 
nat the MW Circle, keeping the ſame Diſtance from the Surface of it all 
ing in Noe Way. It muſt be ſuch, as that Ball would acquire by falling 
23, we lf 7 from the Place it is thrown from to the Center of the 


- at all Mh (for that is ſuppoſed to be the Seat of the Power that gives 
Med. ie Weight, and thereby hinders it from moving forwards in 
central Ie Direction it is thrown in.) And that Velocity is eaſily 


alculated from what was demonſtrated, Part I. Chap. V. 54. 
5, ſuppoſing as Hugens has determined by very accurate Ex- 
riments, that a Body near the Surface of the Earth falls 15 77 
le Paris 
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Paris Feet in the firſt Second of Time. But enough of this by 
way of Explication, it is Time to demonſtrate what 1s here affirm. 


Dem. Let the Diameter of the Circle be 16 Feet, in which 
Caſe half the Radius will be 4 Feet, then by Coroll. of Lemma 1. 
the Arch the Body muſt run over in the Time it would paſ 
through thoſe 4 Feet by Virtue of the central Force, mult be 
ſuch that the Square of it divided by the Diameter may be 43 
that is, it muſt be 8 Feet, (becauſe the Square of 8, which iz 
64 divided by 16 the Diameter, gives 4.) but if it deſcribes an 
Arch of 8 Feet, in the Time it would fall through 4 Feet, i 
then moves with that very Velocity it might acquire by the Fall; 
becauſe as has been demonſtrated Part I. Chap. 5, F 7. if a Body 
moves uniformly with the Velocity it might acquire by a Fall, 
it will move over a Space equal to #xvice the Height of the Fall, 
in the Time thereof. Since then the Body in the Caſe before us, 
deſcribes an Arch of the Circumference of 8 Feet in the Time it 
would fall through 4 Feet, it moves therein with a Velocity it 
would acquire by falling through 4 Feet, that is, half the Ra- 
dius. Q. E. D. To avoid a Circumlocution in the midſt of the 
Argument, 1 call the Space the Body would move over by Vir. 
tne of the central Force only, from its Analogy therewith, a 
Fall. 

Univerſally thus, let the Diameter be equal to 4 times ſome 
certain Space, which Space let us call 4; the Diameter then will 
be equal to 4 4, and half the Radius will be equal to the Space 
4, in which Caſe, the Arch the Body deſcribes in the Time it 
would fall through the Space 4 muſt by the abovementioned Co- 
rollary, be ſuch as that the Square of it divided by 4 times 4 
may be once 4, that is, the Arch muſt be twice (becauſe the 
Square of twice 4, which is 4 times dd divided by the Diameter 
4 times 4, gives once 4) but as before, if the Body move uni- 
formly through tavice the Space 4, in the time it would fall 
through once that Space, it then moves with that very Velocity 
it would acquire by falling through that Space, that is, ex H- 
pot h. through half the Length of the Radius. Q. E. D. 

From what has been demonſtrated above, we may caſily learn 
the Relation which the central Force that is requiſite to retain 
one Body in the Circle it deſcribes, has to that which is required 
for the ſame, or another Body revolving in a larger or leſs Cir- 
cle. Which Relation is expreſſed in the following Lemma. 

LEMM A III. 

The central Force whereby one Body is retained in the 
Circle it deſcribes, is to that whereby a Body moving with 
a different Velocity or in a diflerent Circle might be retained 


therein, as the Square of the Velocity of the former divided 15 
2 the 
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the Radius of the Circle it deſcribes, to the Square of the Velo- 
city of the latter divided by the Radius of the Circle which it 
deſcribes. If then we call the central Forces whereby the two 
Roy Bodies are retain'd in their reſpective Circles C and c, 
their Velocities V and v, and the Diſtances they revolve at, 
that is, the Radii of the Circles they deſcribe, R and 7, we ſhall 


always have this Proportion, : c:: * : 2 


Dem. By Corollary of Lemma 1, the Energy of the central 
Force is proportionable to the Square of the Arch the Body de- 
ſeribes in a given Time, divided by the Diameter of the Circle. 
And Arches deſcribed in a given Time, are as the Velocities 
whereby they are deſcribed, and the Diameter of a Circle is as 
its Radius; conſequently the Action of the central Force is pro- 
portionable to the Square of the Velocity the Body moves with 
divided by the Radius of the Circle it deſcribes: The central 
Force theretore —_ one Body is retained in the Circle it 
deſcribes, is to that whereby a Body moving with a different 
Velocity or in a different Circle might be retained therein, as 
the Square of the Velocity of the former divided by the Radius 
of the Circle it deſcribes, to the Square of the Velocity of the 
htter, divided by the Radius of the Circle which it deſcribes. 
CE. D. 


Theſe Things which are the Foundation of what follows being 
eltabliſhed, we may now proceed to demonſtrate each Propoſition 
of this Chapter in the Order they lie in; the firſt of which is, 
That when two or more Bodies revolve at equal Diſtances from 
the Center, but with unequa/ Velocities, the central Forces ne- 
ceſſary to retain them will be to each other, as the Squares of 
their Velocities. 

Dem. Let the Circle which one of the revolving Bodies is ſup- 
poſed to deſcribe in this and the following Caſes, be BDF, in 
Fig. 26. and that which the other deſcribes be 5 4%, and let 
us call the Diſtances they revolve at from the common Center, 
that is, the Radii of the Circles they deſcribe, R and r; the 
Velocities they revolve with, V and v; and the central Forces 
neceſſary to retain them C and c. Then by Lemma 3. we ſhall 
have for the firſt ſtep of this De- 1 


: : VV. wv 


monſtration, N 
But by the Propoſition R is equal 0 
to v, therefore 2(C:c::VV: vv. Q. E. D. 


Ee 2 PRO B. 
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PRO p. II. When two or more Bodies move 
with equal Velocities, but at unequal Diſtances 
from the Center they revolve about, their 
central Forces muſt be inverſely as their Dif. 
tances. That is, by how many times greater 
the Diſtance a Body reyolves at is from the 
Center, ſo many times leſs Force will retain 
it (6). 

PRO p. III. When two or. more Bodies 
perform their Revolutions in equal Times, but 
at different Diſtances from the Center they 
revolye about; the Forces requiſite to retain 
them in their Orbs will be to each other as the 
Diſtances they revolye at from the Center, 
For Inſtance, if one revolves at twice the 
.Diſtance the other does, it will require a double 
Force to retain it; if it deſcribes a Circle three 
times as large as the other does, then a treble 
Force is requiſite, Sc. (c) | 


b) Dem. By Lemma 3, as be- WY OP 
0) y 3 C: Æπτ _ 
By the P tion V is equal 0 ett tm Q. E. D. 


©, therefore, 


(c) In order to demonſtrate this the following Lemma will be 


of uſe. 


L EMMA IV. 

The periodical Time of a Body revolving in a Circle, 
is as the Diſtance it revolves at from the Center dire#ly, 
and as its Velocity inwerfly. And therefore in comparing the 
periodical Times of two Bodies together, if we call their peri- 
odical Times Tand 7, the Diſtances they revolve at, R and y; 
and their Velccities V and v, as before, we ſhall have this 

Propor- 
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PRO. IV. When two or more Bodies 
revolving at different Diſtances from the Center, 
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are retained by & centripetal Forces, their 
Velocities will be ſuch, that their periodical 
Times will be to cach other as the Square Roots 
of their Diſtances. That is, if one reyolves at 
four times the Diſtance another does, it will 
perform a Revolution in twice the Time the 
other does ; if at nine times the Diſtance, it will 
reyolye in thrice the Time, Sc. (d) 


Xx 


Proportion, wiz. T: 7 * 5 2 

Demonſflration of the Lemma. The periodical Time of a re. 
wlving Body, ceteris paribus, on the Diſtance it re- 
rolves at from the Center, becauſe the greater that Diſtance is, 
the greater is the Circle it deſcribes, and fo the longer it is in 
coming round. Again, cæteris paribus, the greater its Velocity 
s, the ſooner it comes round ; and therefore the periodical Time 
s directly as the former, and inverſely as the latter: Or, as the 
former divided by the latter; and , , .. 5 OE b. 


conſequently 2 
Demonſt. of the Propoſition. Byſi[ C: c: => : — 
Lemma 3. pA 
By Lemma 4, T: 2 2 
Multiplying the zd Step by the We 
Ratio of V to v, we have, [ZITV: b:: Rev 
By the Propoſition, T is equal to 
t, therefore, 4]V :v:iRey 
Comparing the 1ſt and 4th Steps. C: . . . VV —.— 
together, 5 1 
That is, 6 C: c:: V: v. Q. E. D. 
(d) Dem. By Lemma 3. (Ce: 2 
Multiplying by R: . 2 CR: cr: : VV: vv 
By the Propoſition, C is equal t 
c, therefore 3R:r::VV wv 


By 
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ProP. V. And in general, whatever be 
the Diftances, the Velocities, or the periodical 
Times of the revolving Bodies, the retaining 
Forces will be to each other in a Ratio com- 
pounded of their Diſtances directly, and the 
Squares of their periodical Times inverſely. 
Thus for Inſtance, if one revolves at twice the 
Diſtance another does, and is three times as long 
in moving round, it will require 3, that is, 
two niuths of the retaining Power the other 
does. For as, if the retaining Power was in a 
Ratio compounded of the Diſtance 4ireftly and 
directly allo of the Square of the periodical 
Time, the latter Body would require twice 
the retaining Power the other would multiplied 
by 9, the Square of the periodical Time; , 
as the latter Ratio is an 7mverſe one, it requires 
twice that Power drvided by 9; that is, 3 or 
two ninths of it. For in compounding of Ra- 
tio's the Way is, if they are both direct to 
multiply them both together; if one be airett 
and the other inverſe, to divide the direct by 
the inverſe; if both are inverſe, to multiply 
them both together, and to divide Unity by 
them: Thus, if the retaining Power had been 


By Lemna 4. Ir: . 5 
Squaring the laſt Step IT: 2: : 77 rr 
VU 

Comparing the 3d and 5th, (rr: RR * 

1 WM 
That 1s, 8 
Extracting the Roots of the 7th 18 ee:: * 7 | 

Step, sr: ::: M: V QED 
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2s the Diſtance inverſely and inverſely too as the 
Square of the periodical Time, then in the Caſe 
before us, the latter Body would have requi- 
red a retaining Power, which ſhould have been 
as the Number 1 divided by 2, multiplied by 
9; that is as 1 divided by 18: That is, if we 
ſuppoſe 1 to expreſs the central Force requiſite 
for the former Body, the Fraction 4 would 
have expreſſed that which would have been 
neceſſary for the latter; or in other Words, 
their retaining Powers would have been related 
to each other, as 1 is to ; that is, the former 
would bave been 18 times greater than the 
latter (e). 

PRO P. VI. If ſeveral Bodies revolve at 
different Diſtances from one common Center, 
and the retaining Power lodged in that Center 
decreaſes as the Squares of the Diſtances in- 
creaſe; that is, if at a double Diſtance it be 


(e) Dem. By Lemma 3. ie N. 2 
Multiplying by R to v, 21CR : cr : : VV: ww 

By Lemma 4, sI r 
Multiplying the laſt by V to v, 4 [TV: N 

Dividing the laſt by T to 7, 5 4 7 

Nuaring the laſt, V r 

7 RR 5 

0 17 2 128832 
omparing the 2d and 6th, CR: cr IT 7 
Dviding the laſt by to- fc fr QED 


four 
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four times weaker; and at a treble Diſtance, 9 
times weaker, c. the Squares of the periodi- 
cal Times of thoſe Bodies will be to each other 


as the Cubes of their Diſtances from the com- 


mon Center. That is, if there be two Bodies, 
whoſe Diſtances when cubed, that is, multiplied 
by themſelves twice, are double or treble, Ge. 
of each other, then their periodical Times will 
be ſuch, as that when —— only, that is, 
1 1 by themſelves once, they ſhall be 


alſo double, or treble, &c. of each other (7). 
/ Dem. By Lemma 3, e. N 
1 . * I * I 
By the Propoſition, 2 45 R: 7 
„ 1,1 
Comparing the i ſt and 2d Step,] 3 w bb 1 
Multiplying by R to v, 4 [VV : wv R — 
By Lemma 4, sfr. 5 © 
| V 
Multiplying by V to v, 6 [TV:w:: RR. 
Dividing by 'T to , 4 OFT 
. RR Fr 
VV: 00: om: 
Squaring the laſt, 8 UV F TT 7 
ne 
Comparing the 4th and the 8th, 9 1 757 N 
Multiplying by TT tor? ſio . RR 
Multiplying by R to r. 1IITT: :: RRR: rrr. Q. E. D. 


And after like manner, we may eaſily demonſtrate the ſeventh 
Corollary of the fourth Propoſition of the firſt Book of Sir 1/aac 
Newton's Principia. Which becauſe it is of more than ordinary 
Difficulty to Beginners, I here add. It is to this Effect. 

When Bodies revolve in ſuch Manner that their periodical 
Times are to each other as ſome Power (which call * their I. 

iſtances, 


2-E.D. 
ſeventh 
ir 1ſaac 
rdinary 


riodical 
of theit 
iſtances, 
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Diſtances, the centripetal Forces requiſite to retain them, will 
be to each other inverſely as twice that Power wanting one of 
their Diſtances ; that is, as their Diſtances raiſed to the Power 


201. 
Dem. By Lemma 3· 


Multiplying by the Ratio 
of R to xr, 
By the Suppoſition, 


By Lemma 4, 


Comparing the 3d and 4th, 
Multiplying by V to v, 
Dividing by Ra to rn, 


Dividing the Numerators in 
the laſt Step by R: v, gives 
1: 1, and dividing the 
Denominators Ra: yn by 
the ſame, brings them one 
Power lower, that is, to 
Ra—1 ; *—1 therefore the 
laſt Step is reducible to 

$quaring both Sides of the 
8th Step, which in the 
Denominators Ru- and 
ra—T is done by doubling 
their Index n—1, we have 

Comparing the 2d and qth 
Steps, 

Dividing by R tor, which in 


the DenominatorsR2a— 21 


& ran a is done by adding 
i to their Index 2n—2, 
by which means it be- 
comes 2n—1, we have 


ö 


10 


\O 
— — 


— —— þ wv 
6 | 


C 


| 


ENS 
VV > WT >» Ran- „an- 
I I 


rene T : 1 
. Cc . Ran— . An- 


Q. E. D. 


deten. The foregoing Demonſtrations would have pro- 


reded with equal l we only taken the Antecedents, 
| f 


or 
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Part IV, 


or the Conſequents in each Step; that is, only the large or only 
the ſmall Letters. Which Method, becauſe I ſhall make uſe 


of it hereafter, I will here 

required to demonſtrate the 

again in this latter Method. 

By Lemma 3. The central Forces are 
as the Squares of the Velocities di- 
vided by the Radii of the Circles 
deſcribed, which put thus 

By the Propoſition, the Circles deſcrib- 
ed have one common Radius, call 
it 1. Then | 


rit 


From the iſt and 2d Step compared, | 


we have 


That is, the central Forces of the revolving Bodies are to ea 
other as the Squares of their Velocities, which is the Senſe 


the Propoſition. 


Again, let it be required to demonſtrate the Corollary take: 
from Sir 1ſaac Newton's Principia, over again in this Method. 


By Lemma 3. — 
By the Suppoſition — 
By Lemma 4. — 


Comparing the 2d and 3d Steps 


Multiplying by V 1 ; 

Dividing both Sides by R, reduces R to 1, 
and brings Rn one Power lower, that 
is to Ru—1, ſo that we ſhall then have 


Dividing by Rn--1 


Squaring the laſt Step, which in the 
Quantity Rn 1 is effected by doubling 
the Index n—1, we have 


Multiplying the firſt Step by R 
Comparing the two laſt 


- Dividing by R, which in the * 
Ran is done by adding 1 to the In- 
dex, we have 


4 


ive a Specimen of. Let it then be 
5 Propoſition of this Chapter ove 
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| C: vv. 
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Seconaly, Of the Forces necęſſary to retain 
Bodies revolving in other Orbs. 


PRO pP. VII. If a Body be turned out of 
its rectilineal Courſe by Virtue of a central 
Force, which decreaſes as you go from the 
Seat thereof, as the Squares of the Diſtances 
increaſe; that is, which is inverſely as the 
Square of the Diftance, the Figure that Body 
ſhall deſcribe, if not a Circle, will be a Para- 
bola, an Ellipſe or an Hyperbola, and one of 
the Foci of the Figure will be at the Seat of 
the retaining Power. That is, if there be not 
that exact Adjuſtment between the projectile 
Force of the Body and the central Power ne- 
eſſary to cauſe it to deſcribe a Circle, it will 
then deſcribe one of thoſe other Figures, one 
of whoſe Foci will be where the Seat of the 
ſetaining Power is (g). 


(g) In order to ſhew this, it will be neceſſary to premiſe the 
flowing Lemma's. 


LEMMA V. 


The Velocity of a Body deſcribing any Curve, /if its Courſe 
s regulated by a retaining Power) is in one Point of the 
Curve to its Velocity in any other Point thereof, inverſely as 
perpendicular drawn from the Seat of the retaining Power 
oa Tangent of the Curve at the firſt Point, to a Perpendicular 
dawn from the ſame Place to a Tangent at the other Point. 
That is, in fewer Words, the Velocity of the Body is inverſely 
s a Perpendicular let fall from the Seat of the retaining Power 
va Tangent at the Point where the Body is. Thus, if the Body 
te at D, a Point in Curve DEF, Fig. 27, and PD be a Tangent 
thereto, and SP a Perpendicular to that Tangent, drawn through 


Je Seat of the retaining Power, the Velocity of the Body at 


D, compared with its Velocity in other Parts of the Figure, 
Ff 2 will 


222 Of Circular Orbits. Part iv. 


will be inverſely as SP, that is, as the Quantity 55 : 


Dem. It has been demonſtrated, Part I. Chap. VIII. that re- 
volving Bodies deſcribe equal Areas in equal Times ; that is, if 
a Body deſcribes the Curve Line DEF, and the Arches DE, EF, 
Ec. be run over in equal Times, the Areas DES, EFS, &. 
will be equal ; which Areas if we ſuppoſe the Times as ſmall as 
poſſible, may be conſidered as ſo many right-lined Triangles, be- 
cauſe in that Caſe the Lines DE, EF, &c. looſe their Curvity, 
and being produced are Tangents to the Curve, Produce the 
Line DE to P, and let fall the Perpendicular SP, then the Area 
of the Triangle DES is had by multiplying its Baſe DE into 
half Sp; and the Area of EFS is equal to its Baſe EF multiplied 
by half a Perpendicular drawn from S to EF produced, C. 
But theſe Triangles being deſcribed in equal Times, are all equal, 
the longer therefore their Baſes, the ſhorter their Perpendiculars, 
But the Baſes being run over in equal Times by the revolving 
Body, they are as the Velocity of the Body wherewith they are 
deſcribed ; conſequently the greater the Velocity of the Body, 
the ſhorter is the Perpendicular to the Tangent where the Body 
is, Which is the Senſe of the Lemma. 


LEMM A VI. 

Whatever Curve a revolving Body deſcribes by Virtue of 
a centripetal Force, whether the Seat of that Force be within 
or without the Curve, the Action of that Force upon the 
Body when at any one Point of the Curve, muſt be to the ſame 
upon the Body when at another Point of the Curve, dire&ly 
as the Diſtance of the Body from the Seat of the retaining Power 
and inverſely as the Cube of a Perpendicular let fall from the 
Seat of the retaining Power to a Tangent to the Curve at the 
Point where the Body is, multiplied by the Radius of a Circle of 
equal Curvature with the Figure at that Point. That is, if AX 
in Fig. 28, be the Curve deſcribed, and MDN, whoſe Center is 
C, be a Circle of equal Curvature with the Figure at the Point 
D, and PD be a Tangent to that Point, and SP a Perpendicular 
thereto drawn thro S the Seat of the retaining Power, the central 


Force requiſite to a& upon the Body at D muſt be as EY 
that is, if we pat R for the Radius CD, as rn . 

Dem. By Lemma 5. the Velocity of the revolving 
Body when at D is a5 op; calling then that Velocity V, 
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have — 11 . 4 
N we na V: Sp 
„ if WY cquaring both Sides _ of 
. IVV RN 


= Call CD the Radius of the Circle MDN, R; then by Lem- 
1 as nun 3, the central Force neceſſary to retain the Body in that 

be. Circle, (or which is the ſame thing, at the Point D in the Curve 
ity, AX, becauſe they are both of equal Curvature there) would, 


| vv 81 
Ara I placed at C, be as + But whereas it is placed at 8 it 


into 2 obliquely to DC, and therefore to produce the ſame Effect, 
plied WW noſt act more forcibly in the Proportion of 8 D to DT, ſuppoſing 

ST perpendicular to DC ; that is, becauſe SP is equal to DT, 
qual, WJ in the Proportion of SD to SP. 


lars, 
lying WH But by the Golden Rule jSP:$SD:: W : — 


Jody Conſequently the ; _—_—_ 
. Force neceſſary if pla 
* not at C but - 8. 15 EX- VVxSD 
preſſible by 4] >YxK 
Patting then C for the Ac- 
tion of the central Force 

thin BY neceſſary to be placed at C. VVxSD vv SD 
| the s, we have 5] © SPxR *"  * *SPXR 


e&ly WComparing the 2d and 4th 2 
—— Steps together 6 E: 814 « SPxR 


n the : 3 
* oe That I5, 7 C . SP3x 1K Q. E. D. 
FAX LEMMA VII. 


ter is Let AD Fig. 29 be a Parabola, whoſe Axis is AG, and its 
Point I focus S, and let PDF be a Tangent at the Point D, through 
licular Ide Focus S and Point of Contact D draw the Lines PS and DG 
entral Noth perpendicular to the Tangent PD, then will PS be equal 
b half DG. 

Dem. Produce DP till it meets the Axis in X, and draw the 
Diameter DO, and join the Points D and S: Then becauſe DO, 
being a Diameter is parallel to G X, the 7 F DO is equal 
vDXS; 'tis alſo equal to the Angle X DS (Miln. Conic. Sect. 
Part IV. Prop. 4.) the Triangle XS D is therefore an Iſoſceles 
ne, and SP bing dicular to the Baſe XD, XP is equal to 
rf XD; but PS and DG being parallel, the Triangles — 
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XDG are ſimilar, and therefore Ps is alſo equal to half DG 


Q. E. D. 
L EMMA VIII. 

Let AD Fig. zo, be a Portion of a Parabola, an Ellipſe or 
an Hyperbola, one of whoſe Foci is S, its longer Axis AG, 
and its Parameter or Latus rectum L; and let PF be a Tan- 

ent at the Point D, join the Points D and 8, through the 
— of which draw the Line SP perpendicular to the Tangent, 
and through the former the Line DG perpendicular alſo to the 
Tangent, and croſſing the longer Axis in G, then will DG be 
LSD 

28P. 

Dem. Through the Point G draw the Line GT perpendicular 
to DS, then will the right-angled Triangles DGT and DSP be 
ſimilar, becauſe the Angles DSP and SDG are alternate, con- 


equal to 


ſequently DG: DT: : SD: 8b 
But by Miln. Conic. Sect. Part | BT __ 2 
IV. Sx pe? 4 — 

From the firſt and 2d Ste 1 f 
compared together Pf DG: L:: SD: SU 
Turning the 3d Step into anſ 98 _ ELxS8D Q.. b 

Equation. 4 = Ip e 


LEMM A IX. 

Things remaining as before, produce DG to C in Fig. 41, 
32, 33, ſo that the Line DC may be equal to N then 
will a Circle whoſe Center is C, and Radius CD, be of the ſame 
Curvature, and coincident with the Figure AD at the Point O, 
whether it be a Parabola, an Eliipſe or an Hy perbola. 

Demonſtration. 

I. For the Parabela. The ſame Lines being drawn as in 
the foregoing Figure, draw alſo through D, Fig. 31. the Dia- 
meter DY, and take a Portion of it as Dl = in Length 
to the Parameter of that Diameter, and [let fall the Perpen- 
dicular IH meeting DG produced in H, and let L be the Latus 
rectum or Parameter of the Figure, then by the 3d Step of 
Lemma 8. IDG: 2 L:: SD: SP 
The Angle HDI wants IDF 

to make it a right one, the 

Angle PS D wants SDP to 

make it a right one, but IDF 

ind SUP are equal, Miln. 

Conic., Se. Part IV. Prop. 

4. therefore HDI and PSD 

are ſo alſo, the Triangles 

therefore HDI and SDP are 

ſimilar ; conſequently 2 


SD: SP:: DH: Dl. 


From 


: Dl. 


From 
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From the 1ſt and 2d Steps 
compared together 


By Miln. Conic. Se&. Part 
IV. Prop. 10. Corol. 


From the 3d and 4th Step. 
compared 


Multiplying the Antecedents 
of the firit Step by 4. 


Compounding the fifth and 
fixth Steps, that is mul- 
tiplying them together 

Lemma 7. | 


Comparing the 7th and 8th 
Steps 

Turning the gth Step into 
an Equation 


Taking half the 16th Step 


From Lemma 8, 


Comparing the 1 14h and 12th 
Steps 

Dividing the 13th Step by 
LL 3 


8 | 
Halving the 14th Step 


But by Suppoſition 


8 


Comparing the two laſt Steps 


| 
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DG:;L::DH: DI 
DI = 4 DS 

DG : 5 L:: DH: 4 DS 
4 DG:zL::4SD:SP 


4 DG»: =: Dns 
DGS SP 


Jb.. : DH : 2 DG 


LExDH 


2 DG3 = 7 
DG3 = — — 


L3xSD3 
DG3 = —T=p5" 


DHxLL __ LLLx$D3 


1 9 
DOR 
DH = = 

CD = 2 
CD = 5DH 


But DH being perpendicular to PF, and the Angle at Ja right 
one, it is obvious a Circle whoſe Diameter is DH, (and con- 
ſequently by the laſt Step, whoſe Radius is DC,) will paſs 
through the Point I, 431. El. 3. and will have the Line PF for 
a Tangent to it at D; but by Miln. Conic. Sect. Part III. Prop. 
11. Corol. 1. ſuch a Circle will be of equal Curvature with the 
Parabola at the Point D; and the Circle and the Parabola will 
be alſo coincident with each other at that Point, becauſe the 


Line PF is a Tangent common to both. Q. E. D. 


II. For 
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II. For the Ellipfis and Hyperbola: Let AD in Fig. 32, be: 
Portion of an Ellipſis, in Fig. 33, a Portion of an Hy perbola, 
one of whoſe Foci is 8, its Latus Rectum L, and its longer 
Axis AB; let PF be a Tangent at the Point D, and draw the 
Lines SP, SD, and DG as in Fig. 30; draw alſo the Diameter 
Dd and produce it to I, ſo that DI may be equal to the Parameter 
of that Diameter; let fall the Perpendicular IH meeting DG 
produced in H ; through the Center E draw the Semiaxis EQ, 
and the Diameter KA conjugate to Dd; and to the longer Axi 
AB, the Ordinates DM and KN ; and in the Hyperbola produce 
EK and HD till they meet in R. Then by the known Property 
of the Ellipſis and Hyberbola De L'Hoſpit. Liv. 2. ops and 
Liv. 3. Prop. 2. EQ CA:: DMA: xMB 
Simſon's Conic. Sect. 

Lib. 2. Prop. 19. and 
Lib. 3. Prop. 43. 
Comparing the iſt and 
2d Steps together, 

and extracting their | 

Roots EQ: EA:: DM: EN 

The Diameter KA being conjugate to Dd is by the Definitio; 
of ſuch a Diameter, parallel to the Tangent PF, and conſequent) 
DH being perpendicular to that Tangent, the Triangle GER 
a right-angled one, that Triangle therefore and the right-anglei 
one KEN are ſimilar as having in the Ellipſe, their Angles at E 
vertical; in the Hyperbola, common : The rightangled Tii- 
angles GER and DGM are alfo ſimilar, as having their Angle 
at G in the Ellipſe, vertical ; in the Hyperbola, common : And 
——— 22 the Triangles KEN and DGM are ſimilar in each 

igure. 

Therefore | 4 DM: EN:: DG: EK 
Comparing the 3d and 

4th Steps together | 5 EQ: EA:: DG : EK. 

The rightangled Trian- 

les DER and DHI 

an the Ellipſe are ſi- 

milar as having their 

Anglesat Dcommon, 

in the Hyperbola as 

having their Angles | | | 

At D vertical, conſe- 

quently ADE: DR: DH: Di. 
2 


AMxMB — ENa 


to 


IV. 


be a 
'bola, 
onger 
y the 
meter 
meter 
>» DG 
s EQ, 
r 2 
roduce 
operty 
2. and 


x MB 


finition 
quent! 
FER is 
-angle! 
les at E 
ed Ti. 
Angle 
n : And 
in each 
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By the Definition | 

of the Parameter 

DI, for the El- f 

lipſe De L'Hoſ-] 

pit. Lib. 2. Defi- 

nit. 13. ag the 

Hyperbola Lib. 

t. Debair. 15. Hm DE:EKE::2EK: DI 

The — of 

the two laſt Steps 

being the ſame, 

the Product of the 

Means of the one 

muſt be equal to 

the Product of the 

Means of the o- 

ther, that is 9 2 ERA DH x DR 
Multiplying the8th 

bp K | of 2 EE; = DH DR x EK 
By Simſon's Con. 

Set. Lib. 2.Pro 

20.for cheElliple, 

ugh 2 45. 

1 ö io] DR EK = EA x EQ 
Ding and 10. 11] 2 — DH x EA x EQ 
Dividing the 11 by] | 2 

8 14 PH = EA x EQ 

By od Definit. of | 

a principal Para-| | 

— 13 JL: : : EQ: EA 
Wherefore _ FED: ZQ;: BY 

the laſt by Defi- 
ode IO. _ 14]: L: EA:: EQ: EA9 

ultiplyin e 

* ts LL : EQx EA:: EQ: EA? 
pl the 5 0 "4 
: 3 'P t 

Nb. d EN EA:: DG! EK 
Multiplying the 

two laſt Terms of 

the 16th Step by : 1 

5 " =F* becomes [1-7 E. FO EA: , DG ; 
Dis "1 £4 4 D g 
G g Comparing 
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0 
Comparin the] LLL 2 DG» | 
12t — % EQ EA. f : EAxEQ 
17th together 
The Conſequents x 
in the 18th Ste 
being the — 2 DG? = LL th 
the Antecedents|'9| DH 4 
are equal, that is DG? © LELxDH Is 
MultiplyingbyDH 200 Is ' m 


But the laſt Step here is the ſame with the 1oth in the De. Pc 
monſtration for the Parabola, from whence therefore the ſame re 
Concluſion is to be drawn here as there: for the Propoſitlon in | 
Miln. Conic. Sect. referred to at the End of that Demonſtration, D. 


relates alſo to both the Ellipſe and the Hyperbola. Vi 
Demonſtration of the Propoſition above, to which this Not MW tu 
refers. 5 


Let ADX, Fig. 28. be a Portion of the Figure the revolving 

Body deſcribes, whether it be a Parabola, an Ellipſe, or an HM a C 
perbola ; and let L be the Latus Rectum or Parameter of the F. 8 

gure; let the Seat of the retaining Power be at 8, one of the Fe. 

ci thereof, and let the revolving Body be ſuppoſed at D: di as | 
the Line PD a Tangent to the Curve at that Point, and let fil yo! 
the Perpendicular SP. Perpendicular to the Tangent draw the 
Line DC, which let us ſuppoſe to be the Radius of a Circle x 
MDN, of the ſame Curvature, that the Figure ADX is at the 
Point D. Then it is obvious, that the ſame Porce which pls 
ced at S would retain the revolving Body in the Circumference 
of the Circle when it came at D, will retain it in the other Fi 


gure, at that Point, they being at that Place one and the ſame wh3 

Curve. But by Lemma 6, ſuch Force is as ON Calling Fall 

then the retaining Power C ; we ſhall have ; one. 
this Proportion, viz. | ; | wh SFTXR 

And fince the Circle MDN is of the ſame Curvature and co 5 vid 

incident with the Figure ADX, its Radius DC is by Lemma 9 | 

_ SHS . l But 2 

equal to the Quantity Pr, putting chen 1 A 

Bod 

before we ſhall have this Equation R — 55 rn 

a 

Comparing the 1ſt and 24 Step toge· DS the 


28 

4 33 DS 
ILD 
” Diviein 


GC: — 
ther, we ſhall have this Proportion l SPI x L xD 


Expunging SP? as being both Multipli- 


cator and D:viſor : 
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E 
. That a Body ſhall deſcribe Figures ſo diffe- 
rent, when the Power that directs its Courſe is 
the fame, and acts by one and the fame Law, 
is owing to the Degree of Velocity the Body 
moves with. Thus ſuppoſing the central 
e De. Power placed at 8 (in Fig. 34.) and that the 
e ſame MW revolving Body ſets off at D in the Direction 
DB perpendicular to the Line DS, with ſuch 
Velocity as it would-obtain in falling by Vir- 
Noe tue of that central Power only, half way from 
D to 8, it will then, by Lemma 2, deſcribe 
an HM Circle as DKM, whoſe Center is the Point 
the . 8. If it ſets off from D in the ſame Direction 
is before, but with a leſs Velocity, it then re- 
let fl yolves within that Circle deſcribing an Ellipſe, 
x DLN, one of whoſe Foci is at 8, the Seat of 
the retaining Power, and the other between 
ch pl that and the Point D, as at F. If it ſets off 
cher M8 om D with ſomewhat greater Velocity than 
he fame what it would acquire by the above-mentioned 

ng Fall, it will ſtill deſcribe an Ellipſe, as DEO, 
one of whoſe Foci ſhall be at S as before, but 


NR 
Dividing all by D : 
emma off rs al by s e 


Radius 2 hut £ L is the ſame, whatever Point 
of the Figure deſcribed the revolving, 
Body is at, and may therefore be | 6 C: 1 
575 conſidered as Unity, conſequently | 8 
That is, the retaining Power, if it be inverſely as the Square 


JS the Diſtance, and ſeated in the Focus of the Figure, whether 
or” SD'Wlit be a Parabola, an Ellip/e or an Hyperbola, will direct the Courſe 


2 8 
8 


if the revolving Body in ſuch Manner, as that it ſhall deſcribe 
ie faid Figure. Q. E. D. 


Gg2 the 


D 3 
Divicin 
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the other ſhall be beyond it as at G. If it ſets 
off with a Velocity which is greater than that 
it would acquire by the above-mentioned Fall, 
in the Proportion of 4/; to 1, that is, the Square 
Root of 2 to 1, it ſtill deſcribes a Figure, one 
of whoſe Foci is S as before, but the other, as 
G, goes off to an infinite Diſtance; that is, the 
Figure deſcribed becomes a Parabola, as DPQ, 
whoſe Focus is 8. If it ſets off with a greater 
Velocity than this laſt, the Seat of the retain- 
ing Power remains ſtill at 8, but the other 
Focus G goes yet farther off; that is, it comes 
on on the other Side the Point D as at H, and 
the Figure deſcribed becomes an Hyperbola, 
as DRT, whoſe Foci are S and H. 

From hence it is obſervable, that of the four 
Figures there are but two wherein an exact 
Adjuſtment is requiſite between the retaining 
Power and the projectile Force, vi. the Circle 
and the Parabola. In the former of which, 
the Velocity muſt be ſuch as the Body would 
acquire by falling half way to 8, in the latter 
it muſt exceed that in the Proportion of the 
Square Root of 2 to 1; that is, in the Propor- 
tion of ſomewhat leſs than 11 to 1. Thus 
for Inſtance, if one Degree of Velocity is re- 
quiſite to cauſe a Body to revolve in a Circle 
about the Point S; it will require about one 
Degree and an half to make it deſcribe a Pa- 
rabola by Virtue of the ſame retaining Power 
{cated in the ſame Point 8. 

AS Again, 
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Again, the ſame Figures may be deſeribed, 
though the Seat of the retaining Power be in 
the other Foci, F, G, or H; for Inftance, if it 
be at F, in order that the Body may deſcribe 
the Ellipſe DLN, it muſt fer off at D with 
the ſame Velocity it had in the former Caſe 
when it came to N: If it be at G, it will de- 
ſeribe the Ellipſe DEO, ſetting off at D with 
the Velocity it had before at O: And if G, the 
Seat of the retaining Power be at an infinite 
Diſtance, or in other Words (becauſe to ſay a 
determinate Point is at an infinite Diſtance, is a 
contradiction in Terms) if the retaining Power 
act in ſuch manner as it would do if the Seat 
of it was at an infinite Diſtance ; that is, if it 
at upon the revolying Body in Lines parallel 


to DG; and with the ſame Degree of Force, 


whether the Body be at D, at P, or at Q, &c. 
it will deſcribe the Parabola DPQ with what- 
ever Velocity it ſets off with from D. For to 
deſcribe a Circle round the Point G at an in- 
finite Diſtance; it muſt ſet off with an infinite 
Velocity, becauſe, as obſerved above, it muſt 
ſet off with the Velocity it would acquire by 
filling half way to that Point; now a Body 
will deſcribe an Ellipſe round a given Point 
with any Degree of Velocity leſs then it will 
deſcribe a Circle with round the ſame, as it 
was obſerved that the Ellipſe DLN was de- 
ſcribed with leſs Velocity than the Circle 
DKM, but a Parabola is no other than an 
Ellipſe, one of whoſe Focz is at an infinite 

Diſtance, 


R— ————— _ * * 
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Diſtance, the Body will therefore deſcribe a 
Parabola when the Seat of the retaining Power 
is at an infinite Diſtance, with any Degree of 
Velocity leſs than an infinite one. 

This is the Reaſon, that Projectiles up! 
the Surface of the Earth are faid to deſcribe Pa- 
rabola's, becauſe on Account of the great Diſ- 
tance of the Center of the Earth, compared with 
the Height Bodies can be thrown to, Gravity 
docs as to Senſe, act upon them uniformly and 
in parallel Lines. 

Again, when the Point G the Seat of the re- 
taining Power goes off at an infinite Diſtance 
one way; it immediately, or indeed ſtrictly 
ſpeaking, at the ſame Inſtant, becomes the Point 
H at an infinite Diſtance the other way; ſo that 
thoſe two conſidered as at an infinite Diſtance, 
are as it were one and the ſame Point; and 
conſequently it is the ſame Thing whether the 
retaining Power be at G an infinite Diſtance to 
the fight, or at H an infinite Diſtance to the 
Left, and therefore the Figure will ſtill be a 
Parabola, and may alſo be deſcribed with any 
Degree of Velocity: only if it be at H, an in- 
finite Diſtance to the left, the Power muſt be 
negative in reſpect of what it was before; 
that is, it muſt be of the repulſive Kind, as it 
is obvious it ought to be, to cauſe the revolv- 
ing Body. to deſcribe a Figure whoſe Con- 
vexity is turned towards the Seat of the re- 
taining Power. 


If 
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If the Seat of the retaining Power H comes 
nearer, ſo as to be at a finite Dittance from the 
other Focus 8, the Power muſt ſtill be nega- 
tive, or repulſive; and the Figure deſcribed 
will be an Hyperbola, whoſe Foci are H and 
S. And the Hyperbola in this Caſe may be 
deſcribed whatever be the Velocity the Body 
ſets off with; for the central Force being of 
the repulſive kind, the Figure defcribed will 
neceſſarily be conyex towards the Seat thereof, 
that 1s, towards one of its Foci; but none of 
the Sections of the Cone have one of their Fo- 
ci on the convex Side of the Figure, and at a 
finite Diſtance from its Vertex, except the Hy- 
perbola (). 

Hence 


(4) In order to evince the Truth of what is here affirmed, 
the following Lemma will be of Uſe. 


LEMMA X. 

Let the Curve Line DPO in Fig. 35. repreſent a conic Section, 
one of whoſe Foci is 8, and let the Circle DER be of the ſame 
Curvature therewith at its Vertex D, then if the Curve be a 
Parabola, DR the Diameter of the Circle will be equal to, if it 
be an Ellipſe, it will be leſs, if an Hyperbola it will be greater 
than four times the Diſtance DS. 

Demonſiret. of the Lemma. (By Milnes Conic. Sect. Part III. 
Prop. 2. Coroll. 5.) DR the Diameter of the Circle is equal to 
the Parameter of the Axis of the Curve, whether it be a Para- 
bola, Ellipſe or Hyperbola, which let us call, L. 

Therefore 1{L = DR 
1. But in the Parabola, by the 

Definition of the Parameter, 

(De L'Hoſpit. Con. Sect. Livr. 

I. Def. 5.) 2|L—=4TS 
Comparing iſt and 2d Step 3 DR = 4 DS. Q. E. D. 

2. If 


. A oo - 
o 
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2. If the Curve be an El- | 
lipſe, let F be its other 
Focus, then will DFA 
DS be equal to its longer 
Axis, De L'Hoſp. Con. 
Se. Liv. 2. Cor. 2. of 
the Definitions ; call its 
ſhorter Axis, X. Then 
from the Definition of 
the Parameter (De L' 
_ Conic. Se. Liv. 

. Def 8.) we ſhall 
ny this Proportion L: X:: X: DS+DF 

Turning the laſt Step into L X 
an Equation 5 n 1 

(By Dell: Hoſpit. Conic. SD 
Sect. Liv. 2. Corol. 4 
of the 3 the Ya 
Square of half X is e- | + 2A 
qual to DS x DF, that is 6 = DS x DF 


+ 


Conſequently 12 
Comparing the fifth and * DF 
ſeventh Step $I L = DID. 
Fug this Equation in- W 
to a Proportion” 9|L: 4 DS: : DF: DFT DS 
Comparing the iſt and the 
gth Step l:o[DR : 4 DS: : DF : DF+DsS 


But DF is leſs than DF + DS, therefore DR is leſs than 4 
Ds. Q E. D. 
3. If the Curve be an Hyperbola, let H be its other Focus, 
then will DH — DS be equal to its longer Axis, by De L'Hoſ- 
t. Con. Se. Liv. 3. Corol. 2. of the Deknitions And call as 
Pere its ſhorter Axis X; rae from the Definition of the Para- 
meter (De L Hoſpit. Conic. Sect. Liv. 3. Defin. 8.) we ſhall 
have this Proportion 11 L: X:: X: DH— DS 
Turning the fal Step into X 
an Equation t2]L = DEEDS 
(By De L' Holpit. Conic. 
SeR. Liv. 3. Coroll. 4 
of the Definitions) the 
Square of half X is e- * 
qual to DS x DH,|,,1** — Ds x DH 
that is | 4 
Therefore IAH = 4 DS x DH 
Comparing 


— 8 
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Comparing the 11th and L DS x DH 
13th Steps T —DH—DS 
Turning this into a Pro- 
portion 15]L : 4DS:: DH: DH—DS 
Comparing the 1k and 
14th Steps 161DR:4DS:: DH: DH—DS 
But DH is greater than DH—DS, therefore DR is greater 
alſo then 4 DS. Q. E. D. This being premiſed, we may proceed 
to confirm what was laid down in the Text above. 

1. Let the Curve DPQ be a Parabola, and the Circle DKR 
being of the ſame Curvature with the Parabola at the Point D, 
as ſuppoſed above, the Velocity a Body ought to ſet off with 
tom D, to deſcribe the Circle, is the ſame with that with 
which it ought to ſet off, to defcribe the Parabola : but the Ve- 
locity it ought to ſet off with to deſcribe the Circle, is by Lem- 
ma 2. ſack, as it would acquire by falling to 8, becauſe DS being 
(by Lemma 10.) a Quarter of DR, is equal to half the Radius 
of the Circle ; call this Space 2: but the Velocity it ought to 
ſet off with to deſcribe a Circle, whoſe Center is 8, is ſuch as it 
would acquire by falling through half DS, which Space (becauſe 
the whole Line DS is called 2) muſt be called one, ow the 
Velocities Bodies acquire by falling through certain Spaces are to 
ach other as the 2 Roots of thoſe Spaces (by Part I. 
Chap. * 6.) the abovementioned Velocities therefore are to 
ech other as / 2 to x. That is, the Velocity a Body ought to 
k off with from D (the Vertex of the Figure, and in a Direc- 
tion ndicular to the Axis DS, which I would always have 
1 in order to revolve in a Parabola whoſe Focus is 8, is 
o that it ought to have at the ſame Place (and in the ſame Di- 
ection) to deſcribe a Circle whoſe Center is 8, as 4/2 to 1, 

2. Had the Figure DPQ been an Ellipſe, a Quarter of DR 
the Diameter of a Circle of the ſame Curvature therewith, had 
deen (by Lemma 10.) leſs than DS; and fo the Velocity the 
revolving Body mult have had to deſcribe that Circle, or (which 
the ſame Thing, becauſe of their equal Curvatures) the Hlipſe, 
would have been acquirable by falling __ a leſs Space than 
DS, and thetefore would have been a leſs Velocity. That is, 
t would have exceeded the Velocity requiſite for a Circle, whoſe 
Center is S the Seat of the retaining Power, in a leſs Proportion 
than that of 1 2 to 1. 

3. If the Figure DPQ be an Hyperbola, a Quarter of DR is 
oper than DS (by Lemma 10.) and ſo the Space a Body muſt 
fl through to get a competent Velocity for that Curve, will be 
rreater than what it muit fall through to obtain a competent 

eloeity for the Parabola: 1 Velocity therefore requiſite for 


the 
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Hence we may obſerve, that, ſuppoſing the 
Motion of a revolving Body be ſo adjuſted to 
the Power by which it is retained, that it ſhall 
deſcribe a circular Orb, and its Velocity be 
afterwards altered by ſome Accident, and 
thereby the Adjuſtment thereof to the central 
Force deſtroyed, that Body ſhall not imme. 
diately fall to the Center: the Form of. its 
Orbit only will be altered, and from being 
circular, will become elliptical, parabolical, 
or hyperbolical, according to the Alteration 
made in its Velocity, Let its Velocity be di- 
miniſhed in any Degree whatever, or let it be 
increaſed, ſo it be in a leſs Proportion than as 
42 to 1, its Orbit becomes an Ellipſe; if it 
be increaſed exactly in that Proportion, a Pa- 
rabola; if in a greater, an Hyperbola. Hence 
we have a probable Reaſon why the Orbits of 
the Planets are now elliptical; for ſuppoſing 
them to have been dircular at firſt, as it is not 
unlikely they were, yet upon the firſt Diſtur- 
bance in their Motions, whether from their 
mutual Action upon each other, the Refiftance 
of the Medium they revolve in, the Acceſs of 
a Comet, or any other Cauſe whatever; and 
whether their Motion be increaſed or decreaſed 
thereby, provided it be not increaſed in a De- 


the Hyperbola exceeds the Velocity required for a Circle whoſe 
Center is 8, in a greater Proportion than that of V to 1. 
From which all that is aſſerted above in the Text to which this 
Note refers, except what 1s there otherwiſe accounted for, may 
be collected. 


2 gree 


> whoſe 
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gree beyond the ProportiorP above laid down, 
their Orbits would immediately become ellip= 
tical. Should the Motion of any of them be 
increaſed in or above the ſaid Proportion, its 
Orbit would accordingly be changed into a 
Parabola, or an Hyperbola, and the Planet 
would go off, never to return, - 

PRoP. VIII. If the Force of the central 
Power decreaſes as the Square of the Diſtance 
increaſes, and ſeveral Bodies revolving about 
the ſame, deſcribe Orbits that are elliptical, 
the Squares of the periodical Times bf thoſe 
Bodies will be to each other as the Cubes of 
their middle Diſtances from the Seat of that 
Power (&). 


To dewanſtrate this Propoſition, let the following Lem- 
ma be premiſed. 
Ae. 


The Area a revolving Body deſcribes, is as its Velocity mul- 
tiplied by a Perpendicular let fall from the Seat of the retaining 
Power to a de at that Point of the Curve where the Body is. 

Dem. of the Lemma. Let AB in Fig. 36. be the Curve de- 
ſcribed, DC a Portion of the Curve deſcribed in the leaſt Time 
poſſible, then will DC repreſent the Velocity of the Body ; pro- 
duce DC to P, then will DP be a Tangent to the Curve: From 
$ the Seat of the retaining Power let fall the Perpendicular SP, 
draw DS and CS; then will DCS be the Area the Body de- 
ſcribes, but DC by reaſon of its ſhortneſs may be conſidered as a 
ſtraight Line, the Area DCS is therefore a Triangle, which is 
had by multiply ing. the Baſe DC into half the Perpendicular SP, 
therefore it is proportionable to DC multiplied by the whole Line 
$P, that is, to the Velocity of the revolving Body multiplied by 
a Perpendicular let fall from the Seat of the retaining Power to 
a Tangent at that Point of the Curve where the Body is. Q. E. P. 

Dem. of the Propoſition. Let ADB and ad in Fig. 37 and 38. 
repreſent two Ellipſes, whoſe principal Parameters are L and L, 
and let S be one of the Foci of the one, and / one of thoſe of 
the other, and let the * * be ſuppoſed to ſie in ſuch manner 

H hz 


upon 
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upon one another, that Me Points S and s may be one and the 
ſame Point, which let us ſuppoſe to be the Seat of the retainin 

Power ; and let the revolving Bodies be at D and 4, through 
which draw the Tangents PD and pd, the Perpendicolars PS and 
DC, and ps and dc, and the Lines DS and 4s; and let DC and 
dc be Radii of Curvature to the Points D and 4; and let the 
Force of the retaining Power at the Diftance SD be called F, 
and et the Diſtance d be called 7, and let the Velocities of the 
revolving Bodies when at the Points D and 4 be called V and v. 
Then becauſe by the Propoſition the Force of the central or re. 
taining Power is ſuppoſed to decreaſe as the Squares of the Diſ- 
tances SD and xd increaſe, that is, to be reciprocally as the 
Squares of thoſe Diſtances, we ſhall have for the firſt Step of the 

: i CES 

following Proceſs, this Analogy, wiz. ert. 8 7 
Parallel to the Tangents draw the Lines SH and 5+, and let the 
Force of the retaining Power which acts upon the Body at D in 
the Direction DS be reſolved into two others, wiz. DP and DH, 
the former along the Tangent DP, the latter along the Radius 
of Curvature DC, then it is obvious that it is by this latter Force 
only that the revolving Body is retained in the Circle whoſe 
Radius is DC, that is, in the Ellipſe at the Point D, the other 
Force along the Tangent only accelerates the Body when moving 
towards A, and retards it if moving towards B. To compute 
the Quantity of Force in the Direction DC, fay as DS is to DH 


ſo is the oblique Force F, or inſtead thereof = (ſee Step the 
1ſt) to a fourth Number, which fourth Number by the Golden 


—_ x SP 
Rule will be IJ” or (becauſe SP is equal to DH) 557 and in 


like manner we ſhall have — for the Force retaining the other 

Body in the Circle whoſe Center is e; but by Lemma 3. the 

Force nece to retain a Body in a Circle whoſe Radius is CD 

is expreſſible by the Square of its Velocity divided by the Radins 
7 

of the Circle it deſcribes, that is, in the preſent Caſe by =» 

And in like manner the Force retaining the other Body in its 


f FS... . 
Circle, will be 7 conſequently [2 57 5 2 
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Multiplying the 
laſt Step by CD: 
Fd 

Since CD is ſuppo- 
{e& to be the Ra- 
dius of a Circle of 
equal Curvature 
with the Figure, 
we ſhall have b 
Lemma 9. theſe 
Equations, viz. 

Comparing the 3d 
and 4th Steps 

That is, by redu- 
cing the laſt Step 
to lower "Terms 

Extracting the 
Square Root of 
each Term 


Multiplying by SP 


» 1 

Bo! by Lemma 2. 
the Area one Bo- 
dy deſcribes is to 
that which the 
other deſcribes in 
the ſame time, as 
VxSPtowxyp, 
which Areas call 
A and a, and we 


ſhall have this 
Proportion, wiz. 


(43 


i, 


%? 


2) 


i 
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74 x CD: d:: V1: v1 
8D; X i d:: V: v1 

LSD. I's 5d» 
—_ and cd — 1755 
= LxSD* 5þ I'xsd* W 
D* F % IF 1-2 
"BY. $2 © 
—z Vg 
VE wt 
1 7 


VL:vi::Vx$SP:vx5y 


9 


Comparing the 8th 
and th Steps | 


10 


A: :: VX SP: VN Y 
A:: VLT VN 


Now the Area of the whole Ellipſe ADB is to that of the 
other adb, as AB the Jonger Axis multiplied by QN the ſhorter, 


to ab x 


gn, thoſe Quantities therefore may be put for the Areas 


themſelyes : If then we call the Time in which the Areas A and 
care deſcribed in, one, (as one Hour, or one Minute ſuppoſe) 
and the Times the whole Ellipſes are deſcribed in, T and 7; we 
ſhall have (fince the Area a revolving Body deſcribes is propor- 
tional to the Time it is deſcribed in) the following Analogies, 


Viz. 


Ard 


111: T:: A: AB N 
121 1:71: : 4: ab x n 


Comparing 


240 


Comparing the | 
3 laſt Steps to- 
her we have 
etwofollow- 
ing ones, vix. 
By De L'Hoſpital 
Conic. Se&. Liv. 
2. Def. 8. 
Turning the laſt 
Proportion into 
an Equation. 
Extracting the 
Square Roots of 
each Side of the 
uation 
And in like man- 
ner 


Comparing the 
Izth and 17th 
Steps together 
ache 
14th and 18th to- 

gether 
Dividing the latter 
Part of the 19th 
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| 


Part IV. 
1 T. L: AB x O 

121 :: V: ab x an 
AB:QN::QN:L 

AB «x L = QN1 

VL O 

* I= an 


1: T:: L: ABN SABxv/L 


[ : „ab x V x /T 


Proportion by ———_ 
VT 21[1:T::1:ABxX AB 
Dividing the latter 
Part of the zoth — 
Proportion by y/7[#2| 3 *#:*1:ab X ab 
Comparing the 8 
21ſt and 22d A 23 T:t:: ABXY/AB: ab x vab 
Squarih ea 
> aki 24/TT :tt:: ABa x AB: al x 4b 
That is 25 TT tt: AB? : ab 0% 
But 4alf the longer Axis AB is equal to the middle Diſtance ff 
Son De L'Hoſpital Conic. Sect. Liv. 2. Corol. 3. of the De. ©," 
finitions) therefore ſince Halves -are proportionable to their Orbit 
Wholes 126] TT: zt ; : SN“: 33“. Q. E. D. 2 
ASN 
explai 
PROB. Der 
aA; 


has, 


7 


Jiſtance 
he De- 
o their 


D. 


ROB. 
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ProP. IX. If the retaining Power decreaſes 
ſomething faſter as you go from the Seat there- 
of (or which is the ſame thing, increaſes ſome- 
thing faſter, as you come towards it) than in 
the KEE mention'd in the laſt Propoſi- 
tion, and the Figure the revolving Body de- 
ſcribes be not a Circle, the Axis of that Figure 
will turn the ſame Way the Body revolves ; 
but if the ſaid Power decreaſes (or increaſes) 
ſomewhat ſlower than in that Proportion, the 
Axis of the Figure will turn the contrary Way, 
Thus, if a revolving Body as D, Fig. 39. 
paſſing from A towards B deſcribes the Figure 
ADB, whoſe Axis AB at preſent points to- 
wards M and N, and the Power whereby it is 
retained decreaſes faſter than the Square of the 


Diſtance increaſes, after a Number of Revolu- 


tions the Axis of the Figure will point towards 
Oand P, and after that towards Q and R, tc. 
revolving round the ſame Way with the Body 
and if the retaining Power decreaſes ſlower tha 
in that Proportion, the Axis will turn the 
other Way. (i) 


(i) Dem, Let 8 ES 40. repreſent the Seat of the retain- 
ing Power, and let a Body as D, deſcribe the Orb ADB paſſing 
from A towards B; and let another as N deſcribe a revolvin 

Orb as MNO equal and fimilar to the former ; and let both the 
Orbits be deſcribed in the ſame Time ; and let the Velocity 
wherewith the Orb MNO revolves be ſuch, that the Angle 
ASN ſhall always be proportionable to the Angle ASD. To 
explain this a little farther, ſuppoſe that when the Bodies N and 
D ſet out from M and A, thoſe two Points were then together 
at A; or that the Orbits did then coincide ; but that N advances 
forwards in ſuch Manner, as that if the Angle ASN is at any 


time 


— —— — 
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time double, treble, or in ahy other Proportion of the Angle 
ASD, it ſhall always be ſa: That is, that the Line SN ſhall 
always move faſter or flower than the Line SD in ſome certain 
Proportion; and that the Point M ſhall follow or go from the 
Body N, fo as that the Arch MN ſhall always be equal to the 
Arch AD. And let it farther be ſuppoſed that the Line SN is 
always equal to 8D. 

The firlt Inquiry which ariſes here is, whether this be a 
poſſible Caſe ; that is, whether the Body N moving. with the 
above-mentioned Reſtrictions, the Line SN can deſcribe Areas 
proportionable to the Times, becauſe as was ſhewn, Part, I. 
Chap. 8. that is always requiſite where Bodies revolve round a 
central Fotce, and are retained in their Orbits thereby, Let it 
then be conſidered in the firſt Place, that the Body D revolvin 
in the quieſcent Orb ADB may do ſo, its Motion being — 
with none of thoſe Suppoſitions; ſecondly, that the Line NS is 
always equal to DS, and the Velocity wherewith its Extremity 
N moves forwards, is proportionable to that which D the Extre- 
mity of the other moves with; and conſequently the Areas 
which one deſcribes, (for the Areas depend ſolely on the Length 
and Velocity of the Lines that deſcribe them) will be propor- 
tionable to thoſe which the other deſcribes : Since then thoſe of 
the former may be proportionable to the Times they are de- 
ſcribed in, it is poſſible thoſe of the latter may be ſo too; the 
Suppoſition therefore above laid down is not abſurd. 

The next Inquiry is, by what Law the Action of the central 
Force at 8 muſtdecreaſe as we recede from it, that a Body as N 
may deſcribe the revolving Orb MNO in the manner above- 
mentioned. Or, which will anſwer our Purpoſe as well, how 
the Force neceſſary to retain the Body N deſcribing the revolving 
Orb MNO, muſt differ from that which is requiſite to retain the 
other Body D deſcribing the quieſcent Orb ADB equal and 
ſimilar thereto. 

In order to this, let DR, in Fig. 41. repreſent a Portion of the 
quieſcent Orb deſcribed in the leaſt 'Time poſlible, this then may 
be confidered as a ftrait Line; and let the Motion of the Body 
along this Line be reſolved into two, the one towards 8 along the 
Line DT, and another along the Line TR at right Angles there- 
with ; then will DT repreſent the Velocity wherewith the Body 
deſcends towards 8, and conſequently the Action of the central 
Force whereby it is retained in that Arch; and TR will repreſent 
that by which it advances forwards in the mean time. Let it now 
be ſuppoſed that the Orb ADB advances forwards, while the 
Arch DR is deſeribing ; but not by Virtue of any additional Force 


in the Center, but by ſome extrinſic one, no matter what: That 
is, 
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is, — that the Line SD turns round the Point 8 faſter than 
it would otherwiſe have done, carrying the Body with it ſo much 
the faſter ; but that the Rody deſcends towards S along that Line 
juſt as it did before : That is, in other Words, that the Line DT 
which repreſents the Deſcent of the Body, is of the ſame Length 
as before; but that the other Line TR which repreſents the 
Progreſs of the Body forwards, is longer than it was in the other 
Caſe. Let it then become TO; in which Caſe, the Body mov- 
ing over the Line DT and the Line TQ in the ſame Time, 
will in reality get to the Point Q: But obſerve, that the Point 
Qis farther from S than the Point R is, becauſe the Angle at 
T 1s a right one; whereas the Law which we laid down above 
for the Motion of a Body deſcribing a revolving Orb was ſuch, 
that at the End of the Time in which DR would be deſcribed in 
the quieſcent Orb, the Body in the revolving Orb, ſhould be at 
the ſame Diſtance from S as if its Orb had not revolved; if 
then round the Point S, we deſcribe a Circle as RFG, and thro? 
8 draw the Line QG, N muft be the Point the Body muſt come 
to. Since then the Body in deſcribing the revolving Orb with- 
out any Addition to the central Force above what would cauſe 
it to deſcribe the, quieſcent one, would come to Q; but with 
ſuch an Addition as is neceſſary to make it revolve in the man- 
ner above laid down, it comes to N, it is obvious that the Line 
M being the Diſtance between thoſe two Points will aptly re- 
preſent that Addition. It remains then to get the Meaſure of 
that Line, which may be done in the following manner. 

Produce QT to F, then (by 35. El. 3.) will che Rectangle 
QN x QG be equal to QR x QF. Therefore 
[QNX QO QR x QF 
Dividing by QG 2 CN = CI 

Let it be obſerved then in the firſt Place, that as the Motion 
of revolving Bodies is ſach that they deſcribe equal Areas in 
equal Times, the longer the Line DS is (that is the nearer D is 
to A, ſuppoſe) the ſhorter the Line TR muſt be, and for the 
ſame . alſo the Line TQ: That is, both TR and TQ are 
reciprocally as SD, which let us put thus 


| TR: 55 
And 3 
4 TQ: TJ 
Obſerve ſecondly, that fince RF 
is a Chord of a Circle, and | 
ST perpendicular to it os [RT = TF 
Ii From 


* 
\ 
- 
q 
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From the Figure 6 | R ors Lt. 
Becauſe R and F are cqual | 7 Qt _w vQ - 

Since then by the zd and 4th Steps, IR and rv are both 
reciprocally as SD. and by the th and th Steps, QF is equal Pla 
to the Sum of thoſe Lines, and QR is equal to their ference, 5 
it is obvious that QF and QR are allo each reciprocally as $D, I © 


which put thus d QF . SD Pla 
k 
And 9 R SJ 
Maultiv!ving the $th aud gh] I _ 
| of QR x QF: 815 the 


Yeps together | 
Obere alto that when the Points D, I', R. Q and N coincide, MW 12 \ 
which mult ever be ſuppoled. becauſe we are all this Time c thei 
Rdering only what 18 done at one aud the ſame Point of the Curve Cal 
ADB, & Bs nothing with reſpect to NG, therefore QG avd 
NG; are the ame Line ; therefore QO may be ſaid to be as NG, The 
or as half of it, wir. RS, or whic will be the ſame Thing, 
Ds; theretore inftead of QG in che 2d Step, we may put Dy, 


IR x QF Mar 
) — LI 

Q = 1d 

The 11th Step without altering 


[* l . 
the — gon de tet thus 1 ? QN = QR * Qt x T TR 2 


Comparing the 10th and 126 
Steps together we have 13 QN = TS DS £0 1 


and then it will! fard thus 11 


That 38 Jon __ hb baces 
1 0 

hat ts, the Line QN, or (he ad central Force ee. 1 
ie to Caute a Bocy to move wm A tro ng Ot matt de rectpro b that 


SL % 


Cay „ the Cee of the Diftance of the revolving Body from tte ir x 
drat Or Ine TOKUNND tower \W heres then, when the deute ipe. b 2en 


tal Fer dcetcates us the Square of the Diftance increaſes, the To 
roving Body Geterrbes a Parabols, an Ellipte, or an Hyperdota; 
10 do Than oxtunperal Force be ſoperadded another, that thall de 
create a> tae Cnet the fail Niſtwer increates ; thoſe two For 
des aQtivg con ex wpon a revolving Body thall caute it to det 


* * * + > T% I N 3 . 
erde Ie tome gde dev. bur the Axts therevt all revolve 
the tawe War tom the Red toes 


Rat odierve bete, that if a Force decreaſes after in a Degree 


whatever 2541 the Square of the Diftance increates, bur fourth 
than the Cute, dat Force the Sam of two Forces, ore of 
which reales a3 e Syuare, the other 2+ the Cube of th 

7 gar 


B 
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e Thus it is the heavenly Bodies, dis. the 
de F Planets both primary and ſecondary, and alfo 
5b. || the Comets, perform their reſpective Revolu- 
tons. The Figures in which the primary 
Planets and the Comets revolve, are Elliptes, 
de of whoſe Foci are at the Sun. The Areas 
they deſcribe by Lives drawn to the Center of 
the Sun, are in each proportionable to the Times 
ce, n which they are deſcribed. The Squares of 
o their periodical Times are to each other as the 
cure cubes of their middle Diftances from the Sun. 


No, The ſecondary Planets deſeribe alto Circles or 


ding, 

(Dl. F 
MNhance increaſes. Thus for Inftance, let the Diftances be as 
110 1, the Squares of them will be 4 to 1, their Cubes Sto 1; 
nd let the Forces be as © to ; 1 tay, thi > roporuon will aue 

x Win adding 4 tor toStor; for4 tot added to S to 1, is 12 


d Wy 2, that 13 . to 1. Again, let the Forces be as 5 0 1; 1 ſay, 
2 alſo will ariſe from adding 4 two 1 to $co 1; for inftead of 
;t 1 let us take 12 te 13 which is the ſame Thing, this ſoper- 
Wed to 8 to 1 makes 20 to 4, that is, 5 to 1. Again, let the 
forces be as 7 to 1; this alſo is the Sum of 4 to 1 added to $ to 
/; for inſtead of $ to 1 we may take 24 two 3, which added to 
ted 4 0 1 28 ;o 4. or to 1. And the tame for Fractions: 
ectpro- le 2 a Proportion be what it will between 4 to 2 and S to 
om the lt, it may be conũdered as artürg from $ to 1 added WO4to 1. 
trie. Iv hen the retaining Power therefore dy which a revolving Body 
+ kept in its Ordit, decreaſes fatter than the Square of the Dit- 
ace increaſes, but not fo faſt as the Cube thereof does; it is a 
bwer decreafing as the Square, having avother Power deeres- 
ing a3 the Cube of the Dutance fureracced to it ; and therefore 
> ide Propoſition in the Text afferts, it ihe retaining Power 
ecreaſes ſomething faſter, Cr. XE. D. As to the Figures 
wing the contrary Way, when the ceatripetal Forces Cecreates 
grey t Dower than as the Square of the Diuttznce increaſes ; 
| e is dat the Converſe of tha, and therefore needs no particu» 
ore 0 & Demonttration. 
of * 
Mar 


liz Ellipſes. 


| 
| 
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Ellipſes, one of whoſe Foci are in the Center 
of their Primary ones. The Area that each 
deſcribes by Lines drawn to the Center of its 
Primary, is proportionable to the Time it is 
deſcribed in. The Squares of the periodical 
Times of the Secondaries belonging to the ſame 
Primary, are to each other as the Cubes of 


their Diſtances from their Primary. And above 


all, that very Force by which Stones or heavy 
Bodies fall to the Surface of the Earth with us, 
is at the Diſtance of the Moon, juſt ſufficient 
to retain her in her Orbit, ſappol it to de- 
creaſe as we go from the Center of the Earth 
in that Proportion, in which the Cauſe, that 
retains her and the reſt of the Planets in their 
Orbs, whatever it be, muſt do to make them 
elliptical (/). And farther, which alſo is a 

neceſſary 


i) To find out whether this be ſo or not, let us calculate 
what Velocity the Mcon would acquire, were ſhe to fall half 
way to the Center of the Earth by Virtue of that Gravity, 
whereby heavy Bodies tend to the Earth ; and compare it with 
the Velocity ſhe moves with in her Orbit ; becauſe by Lemma 
2 of this Chapter, if ſhe be retained in her Orb by that Gravity, 
thoſe Velocities ought to be the ſame. The mean Diſtance of 
the Moon from the Earth in round Numbers is 60 Semidiame- 
ters of the Earth, therefore the Force of Gravity at the Diſtance 
of the Moon is the Square of 60 times leſs than it is at the Sur- 
face of the Earth ; therefore the Fall of a Body at that Diſtance 
in a Second of Time, will be ſo many times leſs than it is here; 
but the Fall of a Body here in a Sccond, is about 15 Paris Feet, 
conſequently at the Moon it is but ,004166 Feet. The Space 
therefore it would move over in a Second, with the Velocity ac- 
quired by that Fall, is, by Part I. Chap. 5. f 7. twice that 
Quantity, viz. ,008332 Feet, which Number therefore may be 
put to expreſs its Velocity. Now becauſe the Velocities Bodies 

acquire 


Feet, 
Space 

ac- 
a that 
ay be 
Bodies 


cquire 
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neceſſary Conſequence of what we are about w 
lay down, the Motion of the Planet Saturn is 
obſerved to be diſturbed by Jupiter; and the 
Secondaries of Jupiter to be diſturbed in their 
Motions upon the nearer Approach of Saturn; 
and the Courſe of the Moon is inceſſantly al- 
tered by the Action of the Sun, in ſuch man- 
ner as to cauſe all thoſe Irregularities mentioned 
in Chapter the Sth of this Part. All which, 
together with the Preceſſion of the Equinoctial 
Points, the Nutation of the Poles of the Earth, 
and the Phænomena of the Tides, which na- 
turally flow from it, make it extremely pro- 
bable that there is a Virtue diffuſed about the 
Sun and Planets, not unlike that of Attraction, 
which decreaſes as the Squares of the Diſtances 
from the Centers of thoſe Bodies increaſe, and 


icquire by falling, are as the ſquare Roots of the Spaces they 
fail through, Part I. Chap. 5. $ 6: fay, as the Square Root of 
,004166, is to the Square Root of 590866170, which is half 
the Semidiameter of the Moon's Orbit, (ſuppoſing the Semidia- 
meter of the Earth to be 19695539 Feet, which is Caſſini's 
Meaſure, and the Diſtance of the Moon from the Earth to be 
bo Semidiameters as above) ſo is ,008332 to 3135 Feet, which 
is therefore the Space the Moon would move over in a Second 
with the Velocity ſhe would acquire by falling half way to the 
Center of the Earth. But this comes within an hundredth Part 
of her Velocity in her Orbit, as may eaſily be calculated from 
the Time ſhe revolves in, viz. 27 Days, 7 Hours and 43 Mi- 
tutes, and the Semidiameter of her Orbit, which according to 
the Meaſures we have taken above, is 1181732340. That Force 
therefore by which Bodies fall to the Ground with us, is at the 
Diſtance of the Moon ſuck as is requiſite to dire& her Courſe. 


N. B. The Proportion of a Paris Foot to that of England, 


5 as 367 196 to 34 3800. a 
Acts 
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acts upon Bodies in Proportion to the Quantity 
of Matter they contain. | 

This being allowed, it will follow, that as 
the Sun attracts the Planets, and thereby re- 
tains them in their Orbs, they in like manner 
attract the Sun, though with Forces propor- 
tionable only to the Quantities of Matter they 
contain; ſo that ſtrictly ſpeaking, each prima- 
ry Planet revol ves not about the Center of the 
Sun, but about a Point which is the Center of 
Gravity between the Sun and that; and that 
the Sun moves alſo round that Point, and is al- 
ways oppoſite to the Planet with reſpect there- 
to: And likewiſe that the Center of the ſolar 
Syſtem is not in any one Body, but in the 
common Center of Gravity of all the Bodies 
of which it conſiſts. But then the Sun is fo 
immenſely large in reſpe& of any one, or all 
of thoſe Bodies put together, that that Center 
is very near the Center of the Sun. In like 
manner, the Moon does not revolve about the 
Center of the Earth as a Point at reſt, but the 
Earth and Moon revolve each about the Cen- 
ter of Gravity common to them both, which 
Center of Gravity it is, and not the Center of 
the Earth, that deſcribes the Orbit the Earth 
is commonly ſaid to revolve in. And ſo of 
the other Planets which are attended by Se- 
condaries. 

The Irregularities in the Motion of the Pla- 
net Saturn, and thoſe of the Secondaries of 
Jupiter, owing to the Cauſe aboyementioned, 


are 
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are ſo exceeding ſmall, that it ſhall ſuffice to 
have juſt mentioned them. 

The more remarkable Effects of the diſturb- 
ing Force of the Sun, are the lunar Irregularities, 
rwe Preceſſion of the Equinoctial Points, the Nu- 
ation of the Poles of the Earth, and the eb- 
bing and flowing of the Sea, which ſhall be 


d particularly conſidered in the following Chapter. 
1C 

of p is 
at 

l- C HAP. XIX. 


ar Of the Lunar Irregularities, the Pre- 
ceſſion of the Equinoctial Points, 
the Nutation of the Poles of zhe 
Earth, and the ebbing and flowing 
of the Sea. 


I. O account for the lunar Irregularities, 


let S in Fig. 42. repreſent the Sun, 
T the Earth, and LMNO the Orbit of the 
Moon, and let the Moon be in one of its Qua- 
dratures at L, and let the Lines LS and TS be 
drawn. It is obvious, that the Tendency the 
Moon has towards the Sun is along the Line 
LS, and that which the Earth has, is along the 
Line TS: Let then the former of theſe be re- 

p ſolyed into two others, the one along LA pa- 
| 4 rllel and equal to TS, the other from L to T 

1 


are ny 


250 other Orbits. Part IV. 
along the Line LT. The former of theſe 
Tendencies being parallel and equal to that 
whereby the Earth tends along the Line TS, 
alters not the Situation of the two Bodies L 
and T with reſpect to each other; that is, it 
diſturbs not the Motion of the Body L; but 
the other along LT increaſes its Tendency to- 
wards T. 

And this Increaſe will be to the Tendency 
the Moon has to A, which is the fame the 
Earth has to 8, as the Diſtance LT to LA, or 
TS. Or in other Words, the Gravity of the 
Moon towards the Earth in the Quadratures i; 
augmented by the Action of the Sun; and 
that Augmentation is to the Tendency the 
Earth has to the Sun, as the Length of the 
Line LT, or the Diſtance of the Moon from 
the Earth, to 'TS the Diſtance of the Earth 
from the Sun. 

So that the greater the Moon's Diſtance i; 
from the Earth, the. Diſtance of the Sun re- 
maining the ſame, the greater will this increaſ: 
of the Moon's Gravity towards the Earth be 
But if the Diftance of the Moon from 
Earth remains the ſame, and the Diſtance o 
the Sun be augmented, this additional Increaſe 
will be the leſs in Proportion to the Cube e 
that Diſtance (a). n 


(a) Fot, if TS be increaſed, while LT remains the. ſame 
ET will be fo much the leſs with reſpe& to TS, that is the! 
ereaſe will be diminiſhed in Proportion to the Sun's Diſtance 
| B 
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Let now the Moon be in one of its Syzygies 
at M, then will the Tendency ſhe has to the 
Sun over and above what the Earth has, which 
is farther off at T, be to that which the Earth 
has, as the Difference of the Squares of SM 
and ST is to the Square of SM: but the Dif- 
rence between the Squares of SM and ST 
bears ſuch Proportion to the Square of SM as 
twice MT, that is MO, does to SM; becauſe 
the Difference between the Squares of two 
Numbers that are nearly equal (as SM and ST 
ne on account of the great Diſtance of 8) bears 
double the Proportion to the Square of the 
leſſer Number, that the Difference between 
the Numbers themſelves bears to the leſſer 
Number (n). The Tendency therefore the 


But when TS the Diſtance of the Sun is increaſed, the abſolute 
Force of the Sun, and therewith the abovementioned Increaſe, 
will be diminiſhed alſo in proportion to the Square of that Diſ- 
tance, conſequently taking in both the Accounts, it will u 
the whole, be diminiſhed in Proportion to the Cube of that 
Diſtance. 

n) Dem. Let a be the leſſer Number, and a + 6 the larger, 
2nd let their Difference 6 bear no ſenſible Proportion to the leſs 


fer a. 


Then the Square of the leſſer is aa 

The Square of the larger is aa + 246 + bh 

The Difference between theſe is 2ab + bb 

And bb being rejected as inconſiderable, the * 
Difference is only 5 


Now the Proportion of 246 to as is (taking a 48 
out of each Term) 5 : 

Fut 25 to a, is double the Proportion that once & has to a, and 

therefore the Difference between the Squares of the two Numbers 

bears double the Proportion to the Square of the leſſer Number, 

that the Difference between the Numbers themſelves bears to the 

ſſer Number, Q. E. D. 
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Moon when at M, has to the Sun, over and 
above what the Earth has, is to that which 
the Earth has, as MO, or twice LT, to SM, 
or becauſe of the Sun's great Diſtance, as twice 
LT to 'TS. Her Tendency therefore to the 
Farth is now diminiſh'd in that Proportion: 
But as was ſhewn above, it was angmented in 
the Quadratures in the Proportion only of LT 
to TS. The Diminution here is therefore dou. 
ble of the Augmentation there. 

And whereas that Augmentation, when the 
Diſtance of the Sun remains the ſame, was 
ſhewn to increaſe with the Diſtance of the 
Moon; but when the Diſtance of the Moon 
remains the ſame, to decreaſe with the Cube 
of the Sun's Diſtance ; this Diminution being 
always double of that, will do the ſame. 

When the Moon is in the other Syzygy at 
O, ſhe is attracted towards the Sun les than 
the Earth is by the Difference of the Squares 
of SO and ST; which as to the Effect, is the 
ſame Thing as though the Earth was not at- 
tracted at all towards 8, and the Moon were 
attracted the contrary Way, 1o that her Ten- 
dency to the Earth is here alto diminiſhed, as 
well as when ſhe was at M, and almoſt in the 
ſame Degree; for on Account of the Sun's 
great Diſtance, the Difference between the 
Spuares of SO and ST is nearly the ſame as 
between ST and SM. 

Or becauſe this way of accounting for the 
Diminution of the Grayity of the Moon to- 
wards 
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wards the Earth in the Syzygies may not be 
ſufficiently clear, it may be conſidered other- 
wiſe, thus. The annual Courſe of the Moon 
round the Sun being performed in the ſame 
Time that the Earth's is, ſhe ought to be re- 
tained in that Courſe by the ſame Force that 
the Earth is, whereas when ſhe comes to M, 
the Action of the Sun upon her is greater than 
it is upon the Earth, by the Difference of the 
Squares of SM and 8ST; and when ſhe is at O, 
it is leſs than it is upon the Earth by the Dif- 
ference between the Squares of ST and SO: 
So that in the former Caſe ſhe is drawn too 
much towards the Sun, and in the latter too 
little ; and therefore in both Caſes her Tenden- 
cy towards the Earth is diminiſhed; and almoſt 
in the fame Degree; becauſe, as was obſerved 
aboye, the Difference of the abovementioned 
Squares is nearly the ſame in either Caſe. 

Let the Moon be in a Point of her Orbit 
between the Quadrature and the Syzygy, as 
at L in Fig. 43. Then being nearer the Sun 
than the Earth is, ſhe will be attracted with a 
ſtronger Force: Let it be expreſſed by LS 
produced to D *till LD is of ſuch Length, 
that TS being put to expreſs the Action of 
the Sun upon the Earth, LD may be long 
enough to expreſs the ſtronger Force of the 
Sun upon the Moon: And let LD be reſolved 
into two others, one of which let be LA equal 
and parallel to TS, then will the other be 
AD, or its equal and parallel LG. This LG 

K k 2 13 


254 Of the Lunar Part IV. 


is the only diſturbing Force upon the Moon at 
L, the other LA being parallel and equal to 
TS, affe&s the Moon juſt as the Sun does the 
Earth; and fo alters not their Situations with 
reſpect to each other. Let then, to avoid a 
Confuſion of Lines, this Figure with the Line 
LG, be removed to the 44th. This Force 
LG may be refolved into LI and LH, the one 
a Tangent to the Orbit of the Moon, and the 
other perpendicular thereto: The former ac- 
celerates the Motion of the Moon when goin 
from the Quadrature at Q to the Syzygy at B; 
and will retard it when going from B to R. 
The other when H falls upon TL produced, as 
in this Figure, diminiſhes the Tendency of the 
Moon towards the Earth, and when it fall 
between L and T, it augments it. 

When the Moon is at L between the Qua- 
drature R and the oppoſite Syzygy O, in Fig, 
45. the Tendency of the Moon towards the 
Sun is leſs than that of the Earth; it may then 
be expreſſed by LD a Line ſhorter than TS, 
and is reſolvable into LA a Line equal and 
parallel to TS, and DA, or its equal and pa- 
rallel LG. Which LG is the only diſturbing 
Force, and may, as in Fig. 44. be reſolved in- 
to two others, one of which ſhall draw the 
Moon towards O, the other to or from T, as 
the Caſe may happen. So that in the firſt Place, 
the nearer the Moon 1s to its Syzygies, the 
greater will be its Velocity; and the nearer it 
as to the Quadratures, the flower it will move; 

becauſe 
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becauſe one of the Forces into which LG is 
icfolvable (as LI in Fig. 44.) accelerates its 
Motion from the Quadratures to the Syzygies; 
and retards it as much from thence to the Qua- 
dratures. Which is the firſt Irregularity (). 

2. When the Moon is in the — as 
at L or N, or in the Syzygies as at M or O, 
ſee Fig. 42. the diſturbing Force is directed to 
or from the Center of the Earth; and there- 
fore when the Moon is paſſing thoſe Points it 
sno Impediment to her deſcribing Areas pro- 
portionable to the Times; but when ſhe is at 
L in Fig. 44, or 45, where it is expreſſed 
by LG, only one of the Lines into which it 
i refolved, as LH, points to or from the Center 
of the Earth, the other, as LI, pointing another 
Way, prevents her deſcribing Areas proportio- 
nable to the Times. So that it is only in the 
Quadratures and Conjunctions, that the Areas 
are proportionable to the Times, Which is the 
lecond Irregularity. 

3. The Motion of the Moon being accele- 
ated during her Progreſs from the Quadratures 
to the Syzygies, and retarded from thence to 
the 2 her Motion in the Syzygies 
s too quick, in the Quadratures too ſlow : 
add to this, her Tendency to the Earth is in 
the former Situation too ſmall, in the latter 
too large: Both which conſpire to render her 
Orbit more curyed in the Quadratures than in 
the Syzygies, ſo that ſhe runs off farther from 


(n) See the Lunar Irregularities eaumerated in Chap. 9 
the 
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the Earth in the Quadratures, and comes nea- 
rer in the Syzygies than ſhe would otherwiſe 
do, deſcribing an Orbit, one of whole Axes, viz, 
that which paſſes through the Quadratures, is 
longer, than that which paſſes through the 
Syzygies. Which is a third Irregularity. 

4. The Gravity of the Moon towards the 
Earth in the Syzygies, being twice as much 
diminiſhed by the Action of the Sun, as it is 
augmented in the Quadratures; if we take a 
whole Revolution together, it may be conſi- 
dered as diminiſhed only. In the Perihelion 
therefore, at which Time the Earth and Moon 
are neareſt the Sun, it will be diminiſhed the 
moſt of all; that Diminution (as ſhewn aboye) 
being inverſely as the Cube of the Sun's Diſ- 
tance, and ſo the Gravity or Tendency of the 
Moon to the Earth will be the leaſt. On which 
Account ſhe will run out into a greater Orbit; 
and ſo her periodical Time will be greater, 
than when the Earth is in its Aphelion. Which 
is a fourth Irregularity. 

5. When the Moon is in the Quadratures, 
the Action of the Sun (as ſhewn above) in- 
creaſes the Tendency of the Moon to the Earth 
in Proportion to her Diſtance from thence, this 
Force ſuperadded to the Action of the Earth 
upon the Moon, which decreaſes as the Square 
of the Diſtance increaſes, occaſions that Force 
to decreaſe as you go from the Earth, /ower 
than it would otherwiſe do; or which is the 
lame Thing to increaſe ſlower as you go the 

other 
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other way. But by Prop. 9. of the foregoing 


Chapter, when a retaining Power decreaſes or 
increaſes flower than the Square of the Diſtance 
increaſes or decreaſes, and the Planet deſcribes 
an Ellipſe, the Linea Apſidum of that Planet 
will go backwards; the Linea Apſidum there- 
fore of the Lunar Orbit, when ſhe is in the 
Quadratures, goes backwards: When the Moon 
i in the Syzygies the Action of the Sun dimi- 
niſnes her Tendency towards the Earth, and 
thereby make it decreaſe as you go from, or 
mcreaſe as you go to the Earth, too faſt; and 
ſo the Linea Apſidum at that Time goes ſor- 
wards, But the Diminution in the Syzygies 
exceeds the Augmentation in the Quadratures, 
and ſo the Linea Apſidum goes farther forwards 
than backwards every Time, till at length it 
revolves quite round according to the Order of 
the Signs. Which is a fifth Irregularity. 

6. When the Gravity by which a Planet is 
retained in an Orbit that is excentrical, decrea- 
ſes or increaſes 700 faſt, the Planet when going 
off from the Seat of the retaining Power, that 
is, towards its upper Apſis, will go off too 
fr; and when it is coming to its lower Apſis, 
it will approach too near; and ſo the Excen- 
tricity of its Orbit will be increaſed. When 
its Gravity decreaſes or increaſes to /ow, the 
Planet will not in the former Caſe go off far 
enough, nor come ſo near to the Seat of the 
retaining Power in the latter, as it ought to do; 
in this Caſe therefore, the Excentricity — = 

bit 
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Orbit will be diminiſhed. But the Tendency 
of the Moon to the Earth when in the Syzy. 
gies, decreaſes or increaſes too faſt, the Excen- 
tricity of her Orbit is therefore at that time | 
the greateſt; and on the contrary it is the leaſt 
when ſhe is in the Quadratures. And if we 
compare ſeveral Revolutions of the Moon to- 
gether, we ſhall find, then when the Linea 
Apſidum is in the Quadratures, the Excentri- 
city of the lunar Orbit will be the leaſt of all; 
becauſe in that Situation of the Linea Apſidum, 
the Difference between the Tendency the Moon 
has to the Earth in one of the Apſes, and that 
which it has in the oppoſite one, is the leaſt of 
all: Whereas when the Linea Apſidum is in 
the Syzygies, that Difference will be the greateſt; 
and therefore the lunar Excentricity will be fo 
too. Which is a ſixth Irregularity. 


7. We have hitherto been conſidering ſuch 
Irregularities in the Courſe of the Moon as 
would happen if its Orbit were coincident with 
the Plane of the Ecliptic: But as it is not ſo, 
there will ariſe others; in order to account for 
which, it will be proper to premiſe the follows 
ing Conſiderations, 

Firſt, That when the Line of the Nodes is 
in the Syzygies, the Plane of the Moon's Or- 
bit paſſes through the Center of the Sun as 
well as through that of the Earth, and ſo the 
Moon in that Situation of the Nodes, is not 

drawn 
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drawn out of the Plane of her Orbit by the 


Sun. 

Secondly, That when the Line of the Nodes 
is in any other Situation, and the Moon not 
in one of the Nodes, ſhe is continually drawn 
out of the Plane of her own Orbit, on that 
Side on which the Sun lies. For inſtance, if 
the Plane of her Orbit produced paſſes above 
the Sun, the Sun draws her downwards ; if on 
the contrary, the Plane of her Orbit produced 
paſſes below the Sun, it draws her upwards. 

From theſe two Conſiderations it follows, 
n the Nodes is not in the 
Syzygies, oon having paſſed either 
2 — Nodes, has got out of x Plane of the 
Ecliptic on either Side, the Action of the Sun 
occaſions the Moon to return back to the Plane 
of the Ecliptic ſooner than ſhe otherwiſe would 
do; but where the Moon enters that P 
there is the next Node; 1o that each Node 
does as it were come towards the Moon, meet- 
ing her part of the Way. And the nearer the 
Line of the Nodes is to the Quadratures, the 

cater is this Effect, becauſe in that Caſe the 

un is the fartheſt of all from the Plane of the 
lunar Orbit produced, So that the Line of the 
Nodes goes backwards the faſteſt of all, when 
it is in the Quadratures; and not at all in 
the Syzygies. Hhbich is the ſeventh Irregula- 
rity. 

8. Again, when the Nodes are in the Qua- 
dratures, and the 4 has lately paſſed _ 
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of them, and is approaching that Syzygy that 
is next the Sun, the Action of the Sun u 
the Moon prevents her aſcending 10 far; that 
is, departing ſo far from the _ as ſhe 
otherwiſe would do; and fo diminiſhes the In- 
clination of her Orbit to the Ecliptic : And as 
ſhe goes on to the next Quadrature, by haſten. 
ing her Deſcent thither, it occaſions the Moon 
to croſs it in a larger Angle than ſhe would 
otherwiſe do; and ſo increaſes the Inclination 
of the Orbit as much as it diminiſhed it before. 
And, for the fame Reaſon, while the Moon paſ- 
ſes from that Quadrature to the oppoſite Sy- 
zygy, the Action of the Sun grelle the In- 
elination of her Orbit, and increaſes it again 
in her Paſſage from thence to the next Quadra- 
ture. All which needs no farther Illuſtration, 

unleſs the ſollow ing Inftance may be of Uk: 
If you toſs a Stone up into the Air, the Ac- 
tion of the Earth upon the Stone 'prevents it 
from riſing ſo high as it would otherwiſe do; 
and if a Stone be thrown down obliquely, the 
ſame Action by bending its Courſe towards the 
Earth all the Way, makes it ſtrike the Earth 
in a larger Angle than it would otherwiſe do. 

When the Nodes are in the Syzygies, the 
Inelination of the lunar Orbit to the Plane of 
the Ecliptic is neither increaſed nor diminiſhed: 
The Sun being then in the Plane of the Moon's 
Orbit produced. 

But while the Nodes are paſſing from the 
Syzygies to the Quadratures, the „ 
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oh;the Moon's Orbit to the Plane of the Eclip- 
tic, is diminiſhed, in every Revolution of the 
Moon; and while they are paſſing from thence 
to the Syzygies, it is continually increaſing, 
So that the Nein of the lunar Orbit is 
the greateſt of all when the Nodes are in the 
Syzygies, and leaſt when they are in the Qua- 
dratures. Which is an eighth Irregularity, 
But this requires a particular Explanation. 

Let. then S in The 46: repreſent the Sun, 
NFDG the Plane of the Ecliptic, QR the 
Quadratures, and MO the Syzygies. And let 
NLDI be the Orbit of the Moon; and ſup- 
poſe the Nodes at N and D in the middle 
between the Syzygics and the Quadratures. 
3 let there be a Point H in the Ecliptic 

poſite to the Point 8, and let the Orbit 
NLDI be fo inclined to the Plane of the E- 
cliptic, that if it were extended every Way, it 
would paſs above S and below H. Then becauſe 
when the Moon is nearer the Sun than the 
Earth is, ſhe is attracted towards the Sun more 
than the Earth i is; and when ſhe, is farther off, 
the Earth is attracted more than ſhe is, in which 
caſe ſhe is therefore as it were attracted the other 

way z let us imagine a Sun at 8, and another at H; 
and let it be remembered that the Orbit of the 
Moon produced, paſſes above 5 and below H: 
And let the Moon be paſſing from N towards 
L. Then the Attraction here being towards 
8, and the Orbit produced being above 8, it 
is obyious that the Moon will not paſs to L 
| LI but 
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but to A, a Point between L and F, deſcrib- 
ing the Curve NA; fo that the Inclination of 
the lunar Orbit is perpetually diminiſhed, while 
the Moon is paſſing over go Degrees from the 
Node N, it being à quarter of a Circle from 
N to A. To avoid Conftifion in the Figure, 
let us ſuppoſe that the Moon came to L. In 
going from thence to the riext 1 at B, 
which is 45 Degrees, the Attraction of S pre- 
vails ſtill, becauſe the Moon is as yet nearer to 
S than the Earth is; and therefore as the Orbit 
produced is above 8, and the Moon going 
downwards, the Attraction of 8 haftens her 
Deſcent, and ſo makes her deſcribe the Curve 
LC inſtead of LB, which if produced would 
make with the Plane of the Ecliptic, a larger 
Angle than her Orbit LB does at D; in going 
over this 45 Degrees therefore the Inclination 
of her Orbit is increaſed. Let us now ſuppoſe 
her going from B towards D; the Attra&ion 
here lies towards H, becauſe ſhe is now 
the Quadrature; and ſhe is tending to a Point 
below H; H therefore attracts her upwards, 
making her deſcribe the Curve BE, inſtead of 
BD, which is about 45 Degrees more, and 
makes a leſs Angle with the Plane of the Eclip- 
tic, than BD does: Not that E falls beyond 
D, it only happens ſo in the Figure, becauſe 
we ſuppoſed the Moon to move from L and B 
inſtead of A and C. Upon the whole therefore, 
while ſhe moves from N to D, the Inclination 
of her Orbit-is diminiſhed during three Parts 
out 
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out of four of her Paſſage. In like manner it 
is diminiſhed by the Attraction of H, while 
ſhe goes from D to I, and augmented by the 
fame Attraction in going from thence to K, and 
diminiſhed again between K and N. Add to 
this, that while the M6on moves from N to L, 
or from D to I, the diſturbing Force, whether 
of S or H, is much more conſiderable than it 
is when ſhe is between L and D, or I and N; 
becauſe in the former Caſe, the Difference be- 
tween her Diſtance from the Sun, and that of 
the Earth from the ſame, is greater than it is 
in the latter. While the Nodes therefore are 
between M and R, and O and Q; that is, 
while they are paſſing from the Syzygies to the 
Quadratures, the Inclination of the lunar Orbit 
is continually diminiſhing, 

For though we have ſuppoſed the Nodes 
equally diftant from the Quadratures and Sy- 
zygies, the like Effects will happen, though 
different in Degree, when they are nearer to 
the one than to the other; as is eaſy to imagine. 

Let now the Nodes be in the mid Way be- 
twen Rand O, and Q and M, as in Fig. 47, 
and let the, lunar Orbit produced paſs aboye 
8 and below H as before, and let the Moon be 
coming, from the Node D towards B. She 
being there in the Power of H, and moving in 
a Plane which if produced paſſes below H, 
will be attracted upwards thereby, ſo as to 
deſcribe the Line inſtead of DB; b 
which means the Inclination of her Orbit = 
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be. increaſed. In going from thence to I, the 8 
15; in, the Power of. S, which, lies below her Ml & 
Orbit produced, and lo her Aſcent, will be di. 4 
miniſhed, and ſhe will go to; A, inſtead ot I: W y 
loflened ; and afterwards: as ſhe goes towards. N 
ſhe will be attracted downwards all the Way 1 
coming to E inſtead, of N; by which —— it 
the Inclination of her Orbit is again increaſed, W 1 
So that upon the whole, it is increaſed three N n 
Parts out of ſour of. her Paſſage: from Node to 
ode; for the like will hold in her Paſſage 
through the other Part of her Orbit, and as 
well when the Nodes are not in the middle ja 
tween, the Quadratures and tic Syzygics, a 
when they are, except in Point of Degree, 
And for the Reaſon mentioned in the — 
Caſe, the Force which augments the Inclination 
of the Orbit, is ſuperior for the Time being, 
to that which diminiſhes it. While the Nodes 
therefore are paſſing from the Quadratures 
to the Syzygies, the Inclination of the Moon's 
Orbit to the Plane of the Ecliptic is conti- 
nually increaſing. ' Which is what remained 
to be made out. 

All theſe Irregularities are greater Ta, the 
Earth is in its Perihe lion, than when it is in Mp 
Aphelion, becanſe-as was obſerved. above, the 
Effect of the Sun's-AQtion whereby they are I da 
produced, is inverſely as the Cube of its Diſ- eq 
tance from the Earth. They are. alſo greater I th 
when the Moon is in Conjunction we its 

Sun, 
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Sun, than in Oppoſition for the fame Reaſon 4 
for the Earth and Moon taken together, are 
nearer the Sun in the former Situation of the 
Moon, than they are in the latter. 


II. Let us now imagine that the Circle NLDT 
is a ſolid Ring like that of Saturn, and that 
it moves round its Center T the ſame Way the 
Moon does round the Earth; it is obvious that 
every Point of this Ring, will endeayour to 
put on the fame Motion that we have ſhewn 
the Moon to do: That is, that every Point in 
is Paſſage from N to L, will endeayour to 
moye in' the Line NA, (ſee Fig. 46.) every 
Point between L and B, will endeavour” to 
deſcribe the Curve LC, and every one between 
Band D, the Curve BE; and the like for Fig. 
47., 80 that the Ring as to the Motion of its 
Nodes, and ite Inclination to the Plane in which 
its Center moves, will be affected in the fame 
manner that the Orbit of the Moon is; and 
therefore its Nodes, when in the Syzygies, will 
ſtand ſtill, and its Inclination to the Plane of the 
Ecliptic will be the greateſt: In all other Situ- 


ations the Nodes will go backwards, and faſteſt 


of all when in the Qyadratures, at which Time 
the Inclination of the Ring will be the leaſt. 
Let us now ſuppoſe that there is a Redun- 
dancy of Matter ſurrounding the Earth in the 
equatoreal Parts thereof; or in other Words, 
that the Earth is an oblate Spheroid, * 
its equatoreal Diameters longer than that whic 
paſſes 


— — 
— — — 


— 
2 - * 


266 The Nutation o Part Iv. 


paſſes through the Poles, as we ſhall ſhew it 
to be in the next Chapter. This Redundancy 
of Matter, will, like a Ring ſurrounding the 
Earth and fixed to it, endeavour to put on the 
aboyementioned Motions, and thereby commu. 
nicate them to the Earth itſelf. The equinectial 
Points therefore which anſwer to the Nodes of 
the Ring, when they are in the Syzygies, that 
is, at the Equinoxes, will ſtand ſtill, and the 
Inclination of the Equator to the Plane of the 
Ecliptic will be the greateſt; in all other Situ- 
ations they will go backwards, and faſteſt of 
all at the Summer and Winter Solſtices, at 
which Times they are as it were in the Qua- 
dratures with the Sun; and then the Inclina- 
tion of the aboyementioned Plane will be the 
leaſt. 


III. From hence it follows, that the Axis 
of the Earth, being perpendicular to the Plane 
of the Equator, changes there with its Inclina- 
tion to the Plane of the Ecliptic twice in every 
Revolution of the Earth about the Sun. For 
inſtance, it increaſes while the Earth is moving 
from the Solftitial to the Equinoctial, and di- 
miniſhes as much in its Paſſage from the Equi- 
noctial to the Solftitial Points. Which Phæno- 
menon is called the Nutation of the Poles. 


IV. Another Phænomenon and of the ſame 
Kind with the lunar Irregularities, is the ebbin 
and flowing of the Sea; only, as thoſe 2 e 
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from the Action of the Sun upon the Moon, 
this is owing to the Influence both of the Sun 
and Moon upon the Waters of the Ocean; 
and 1s to be accounted for upon the ſame Prin- 
ciples, after the following Manner, 

Let the Point L in Fig. 48. repreſent the 
Moon, MNOP, the Earth, whoſe Center is C. 
And let & be the common Center of Gravity of 
the Moon and the Earth. Which latter let us ſup- 
poſe ſurrounded with Water to a great Depth. 
Then, according to what was obſerved at the 
End of the laſt Chapter, theſe two Bodies con- 
tinually revolve about the Point G, the Point 
M deſcribing the Circle AB; the Point C, the 
Circle NP; and the Point O, the Circle EF; 
and all in the fame periodical Time; conſe- 
quently by Propoſition. the third of the fore- 
going Chapter, the Forces they require to re- 
tain them in thoſe Circles, ought to be to each 
other as their Diſtances from the Point &: That 
is, as GM, GC and GO. Conſequently the 
Point O, which for Diſtinction ſake we will 
call the Nadir, requires a greater Force than 
the Center C; and the Center, a greater Force 
than the Point M, which we will call the Ze- 
nith. Now theſe, Points are retained in thoſe 
Circles by the Moon at L, conſequently the 
Nadir which requires the moſt, is attracted the 
leaſt, as being fartheſt off; and the Zenith 
which requires the leaſt, being the neareſt, is 
attracted the moſt; that is, the Nadir is at- 


trated too little, and the Zenith too much: 
| M m The 
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The obvious Conſequence of which is, that the 
Water both in the Zenith and Nadir, will en- 
deavour to leave the Center C; or, in other 


Words, will loſe part of its xm, a But the 
Water at N and P will have its Weight aug- 


mented, juſt as the Tendency of the Moon at 
L (in Fig. 42.) towards T was ſhewn to be 
augmented by the Action of the Sun at 8. 80 
that the Water at N and P will be heavier 
than an equal Quantity at M or O. And con- 
ſequently the Surface of the Waters at N and 
P will ſubſide, and that at M and O will riſe, 
till the Equilibrium be reſtored. On which 
Account, the Form of the Earth, or rather 
the Sea, will become an oblong Spheroid or 
Oval, as repreſented by NK MH, in Fig. 49. 
whoſe longer Axis produced paſſes through the 
Moon at L. As therefore the Moon turns 
round the Earth once a Day, this Oval of Wa- 
ters turns with her, occaſioning thereby the 
two Floods and Ebbs obſervable in each 25 
Hours: or to ſpeak more accurately, the Oval 
of Waters keeps pace with the Moon in her 
Monthly Courſe, while the Earth in the mean 
Time, by its Rotation about its Axis, carries 
each part of its Surface from Ebb to Flood, 
and from Flood to Ebb continually. 

And as the Moon thus raiſes and depreſſes 
the Water, the Sun does the ſame; but in a 
much leſs Degree, on Account of the ſmall 
Proportion the Semidiameter of the Earth bears 
to the vaſt Diſtance of the Sun; for, = was 

ewn 
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ſhewn of the Moon, the Force of the Sun 
whereby it diſturbs her Motion, - was propor- 
tionable to the Relation the Diſtance of the 
Moon from the Earth bears to that of the Sun 
from the ſame, which in the Caſe before us, is 
the Relation the Semidiameter of the Earth 
bears to the Diſtance of the Sun, which Rela- 
tion is very ſmall. 

When the Moon is in Conjunction or Oppo- 
ſition with the Sun, the Tides Which each of 
them endeavours to raiſe are in the ſame Place, 
which is the Reaſon they are ſo large at thoſe 
Times. Whereas when the Moon is in the firſt 
or laſt Quarter, the Sun being in the Meridian 
when the Moon is in the Horizon, depreſſes the 
Water where the Moon raiſes it, on which Ac- 
count, the Tides are then (ceteris paribus) the 
leaſt of all, 

On the full and new Moons, which happen 
about the Equinoxes, at which Time the Lu- 
minaries are both in the Equator or near it, the 
Tides are the greateſt of all, on the three fol- 
lowing Accounts; in the firſt Place, the two 


 Eminences of Water are at the — Diſtance 


from the Poles, and ſo the Difference between 
Ebb and Flood is more ſenſible; for if thoſe 
Eminences were at the Poles, its obvious we 
ſhould not perceive any Tide at all : Secondly, 
the equatoreal Diameter of the Earth produced 


paſſes through the Moon, which Diameter is 
longer than others, and ſo there is a greater 


Diiproportion between the Diſtances of the 
M m 2 Zenith, 
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Zenith, Center and Nadir, from the Center of 
Gravity of the Earth and Moon, than at other 
Times: Thirdly, the Water riſing higher in 
the open Seas, it ruſhes to the Shores with 
greater Force, where being ſtopped, it riſes 
higher till ; for it not only riſes at the Shores 
in Proportion to the Height it riſes to in the 
open Scas, but alto according to the Velocity 
it flows with from thence againſt the Shore. 
The Reaſon why the Spring Tides, which hap- 
pen a little before the vernal and after the au- 
tumnal Equinox, vi g. in February and October 
are the greateſt, is becauſe the Sun is nearer 
the Earth in the Winter than in the Summer, 
and ſo the Tides, which otherwiſe would be the 
greateſt at the Equinoxes, are ſo, a little before 
the former, and as much after the latter. 


We have hitherto conſidered the Tides in 
general; we muſt now ſee what happens as to 
Places of different Latitudes. All Which wil 
be eaſily underſtood by the help of the 49th 
Figure: In which let AFD repreſent the Earth 
whoſe Center is T, the ,Poles P and O, this 
the South, the other the North Pole, EQ the 
Equator, and the Circles FH and KD.two Pa- 
"rallels of it, the laſt on the North Side of it, 
and the firſt on the South Side of it. Let the 
Fluid ſurrounding the Earth, form itſelf into 
an oblong Spheroid, whoſe longer Axis HK 
produced, paſſes through the Moon at L. The 
right Lines TK or 1H, reckoning from the 

Center, 
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Center, will repreſent the greateſt Height of 
the Water, and ſuppoſing NM perpendicular 
to KH, TN or TM will denote the leaft, and 
will repreſent the Height of the Water in all 
Parts of the Globe through which that Circle 
NM paſſes. The right Lines TE, TF, TQ 
and TD, ſuppoſing them drawn, will ſhew the 
Height of the Water in the reſpective Places 
E, F, Q and D. Let us now conſider a Place, 
which by the diurnal Motion of the Earth, 
deſcribes the Parallel KD: When this Place is 
at K, the Height of the Water TK, is the 
greateſt ; that is, it is high Tide or Flood when 
the Moon Ls in the Meridian; butafterwards 
in the ſame Place, the Height of the Water is 
the leaſt, when the Place is come to X, and 
again it is Flood when the Place is come to D. 
But becauſe TK is greater than TD, in the 
preſent Caſe when the Moon is on the North 
Side the Equator, the Height of the Sea will 
be greater, when the Moon is in that Part of 
the Meridian which is aboye the Horizon, 
than when it is in that which is below it. Like- 
wiſe TH is greater than TF, and therefore in 
a Place which lies under the Parallel FH, or 
on the other Side the Line, the greateſt Height 
of Water that happens when the Moon is on 
that Side, is alſo when ſhe is in that Part of the 
Meridian that is above the Horizon of that 
Place. Hence it is, that the Moon in the Nor- 
thern Signs makes the greateſt Tides on our 
Side the Line, when ſhe is aboye the Earth ; 
an 


272 The Ebbing and Flowing Part IV. 


and in the Southern Signs when ſhe is below 
it. But on Account of that libratory Motion 
of the Waters, by which they thus riſe and 
fall alternately, and which would continue ſome 
Time, although the Sun and Moon ſhould ceaſe 
to at; the Difference between thoſe Tides 
which happen when the Moon is above and 
below the Horizon, is not ſo great as it would 
otherwiſe be; and the higheſt Spring Tides 
are not exactly in the new and full Moons, but 
happen generally three or four Tides after 
them, and ſometimes later: Becauſs when. the 
Luminaries come to act more forcibly than 
ordinary, as being in Conjunction or Oppoſition, 
the Waters will librate backwards and forwards 
ſeveral Times, before they arrive at their great- 
eſt Height. | 
Things would he thus, if the Globe of the 
Earth were covered with Water of a ſufficient 
Depth, but the Continents which ſtop the Tide; 
the Straights between them and the Iſlands, 
and the Shoalneſs of the Sea in ſome Places, 
which are Impediments to the free Courſe of 
the Water, cauſe many Exceptions to what has 
been laid down; and in particular, that even in 
the open Ocean the Time of high Water is 
not, when the Moon comes to the Meridian, 
but always ſome Hours after it. But to be 
particular in ſuch Circumſtances is not the De- 
ſign of this Treatiſe, See more in Philsſoph. 
Tranſuct. No. 226. However, there is one 
Te, which becauſe I don't find it taken 
| Notice 
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Notice of by others, I ſhall juſt mention; and 
that is, that at both the Summer and Winter 
Solftices, there ought to be but one Tide in 
24 Hours within the arctic and antarctie Circles; 
to ſhew this, let KD be the Tropic of Cancer, 
and let the Sun and Moon be perpendicular 
over a Point of that Tropic, as at L: Then as 

obſer ved before, there will be an Ebb at N 
but becauſe NPK is a quarter of a Circle, N 
will be a Point of the arctic Circle, and the 
high Water under that Circle will be at A, 
the Point oppoſite to N; ſo there will be but 
one Flood and one Ebb in 24 Hours Time: 
And as is obvious enough, the ſame will hap- 
n in all Places within that Circle, except at 
the Pole itſelf, where there is no Tide at all. 
The ſame Things will alſo happen at the other 
Solſtice, when the Luminaries are in the Tro- 
pic of Capricorn. And in thoſe Parallels which 
lie between the abovementioned Circles and the 
Equator, each Ebb will be nearer the Time of 
the lefſer Flood, than it will be to that of the 
greater. Thus, in the Parallel KD, the Ebbs 
will be at X, and in the Parallel FH at V, 
which Points are nearer to F and D the leſſer 
Heights of the Water, than to H and K the 
greater ones. The Reaſon it does not happen 
exactly in this Manner, at leaft not in Point of 
Degree, is that Rifing and Falling or Libration 
of Waters mentioned above, by which the 
Ebbs and Floods of each Place are 1 
els 
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leſs unequal than they ought, according to the 
Theory, to be. . 


CHAP. XX. 
07 the Figures of the Heavenly Bodies. 


HEREAS the Heavenly Bodies do 

not conſiſt wholly of ſolid Matter, but 

are in all probability partly fluid and Pak ſo- 
lid, like our Earth, or at leaſt were ſo at firſt; 
thoſe which have no Motion about their Axes, 
if ſuch there be, will, from the mutual Gravi- 
ty and Attraction of their Parts among them- 
ſelves, ſettle into a ſpherical Form. But as to 
ſuch as revolve about their Axes, all their Parts 
will endeayour to receed from the Axis of their 
Motion, and thereby the equatoreal Parts where 
the Motion is the quickeſt, will tend leſs to- 
wards the Center than the reſt; their Endea- 
vour to fly off from the Axis about which they 
reyolve, taking off part of their Tendency that 
Way; ſo that thoſe Parts will become lighter 
than ſuch are nearer the Poles. The polar Parts 
therefore will preſs in towards the Center, and 
raiſe the equatoreal Parts, till the Quantity of 
Matter in the latter is ſo far increaſed, as to 
compenſate for its Lightneſs, and an Equili- 
brium be reſtored. On which Account, the 
Form 
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Form they will aſſume, will be that of an ob- 
late Spheroid, whoſe thorter Axis paſſes through 
the Poles. And cther Circumſtances remaining 
the ſame, the faſter the Bodies revolve, the 
more oblate or flat will their Form be; accord- 
ingly the Axis of the Planet Jupiler, which 
Planet turns round its Axis in lets than 10 
Hours, is, as appears from the Obtervations of 
Mr. Flamſt:ad and Monſ. Cafſni, no greater 
with reſpect to the Diameter of its Equator, 
than in the Proportion of ſeven to eight. 

By Virtue only of the Roration of the Earth 
about its Axis, the Weight of Bodies at the 
Equator is leſs than at the Poles, in the Pro- 
portion of 288 to 289; that is, a Body which 
at the Poles would weigh 289 Pounds, would, 
if carried to the Equator, loſe by Virtue of the 
centrifugal Force alone, one ound of its Weight, 
and ſo weigh but 288 Pounds. From hence 
ariſes, as obſerved above, a ſpheroidical Form 
of the Earth, and from that ſpheroidical Form 
ariſes another Diminution of Gravity at the 
Equator, by which, if the Earth were homo- 
genious throughout, Bodies at the Equator 
would loſe one Pound in 1121, and ſo on both 
Accounts taken together, the Gravity of Bodies 
at the Poles would be to the fame at the Equa- 
tor as 230 to 229 (uy). From whence, if we 

ſuppoſe. 


{n) To calculate this, let us ſuppoſe the Semidiameter of the 
Farth to be 19695539 Paris Feet; which on Account of the 
at Diſtance on the Surface of the Earth Caſſini took in mea- 

Nn ſuring 
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ſuring it, Sir Iſaac Newton makes uſe of. Since then the Farth 
turns round its Axis in 23 Hours 56 Minutes and 4 Seconds, a 
Body at the Equator moves through 1436,223 Feet in a Second: 
But the centritugal Force of a Body revolving in a Circle is equal 
to the centripetal Force, which would be requiſite to retain it in 
that Circle, and the Space a Body would fall through in a Se- 
cond, by Virtue of that centripetal Force, is by Chap. XVIII, 
Lemma 1. equal to the Square of the Arch deſcribed in a Second, 
divided by the Diameter of the Circle, that 1s, in the preſent 
Caſe to, 5 23 Feet, or 7, 54064 Lines. Now the Space a Body 
falls through at Paris, by Virtue of the Gravity there, is 15 Feet 
1 Inch and 27 Lines, or 2174 ,055 Lines. IL herefore the cen- 
trifugal Force at the Fquator is to the Gravity at Paris as 
7,54064 to 2174,055- But Bodies do not fall at Paris, by the 
whole Force of Gravity, or as they would do at the Poles of the 
Earth, becauſe they are in ſome Meaſure prevented by the cen- 
trifugal Force there, We muſt therefore compute how much 
that centrifugal Force is, and add it to their Gravity at Paris, 
to find what 1t is at the Poles. Which may thus be performed, 
Let EPQ in Fig. 50. repreſent the Earth, PP its Poles, EQ 
its equatoreal Diameter. Let A repreſent any Point between the 
Equator and the Poles, and parallel to the equatoreal Diameter 
EQ draw the Line AH, then will the centrifugal Force at E 
be to that at A as the Radius EC, or which is very nearly the 
ſame, AC, to AH, Chap. XVIII. Prop. 3. for AH is the Ra- 
dius of the Circle the Point A deſcribes, while the Earth revolves 
about the Axis PP. But a Body at A 1s not thrown off by 
Virtue of this centrifugal Force directly from the Center of the 
Earth, but from H along the Line HA produced. Let then 
AB repreſent that Force, which becauſe it does not tend directly 
from the Center, let it be reſolved into two others, wiz. BN and 
AN; the former perpendicular to the Radius, the latter coinci- 
dent therewith: It is by this latter Force only that the Gravity 
of a Body at A is diminiſhed. But the centrifugal Force at the 
Equator was ſhewn to he to that other Force along the Line AB, 
as AC to AH, and that other is to the Force along AN as AB to 
AN, which becauſe of the ſimilar Triangles ABN and ACH 
is alſo as AC to AH, therefore the centripetal Force at the 
Equator is to that at A, fo far as it diminiſhes the Gravity of 
Bodies there, as AC9 to AH; that is, becauſe AH is the Co- 
ſine of Latitude of the Place A, as the Square of the Radius to 
the Square of the Co- ſine of the Latitude of the Place where 
the Body is. Now the Latitude of Paris is 48 Degrees and 50 
Minutes, the centrifugal Force therefore at the Equator is to that 
at 
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ſuppoſe the Gravity of Bodies within the Earth 
to be directly as their Diſtance from the Center, 
as it was ſhewn to be in Part I. Chap. 3. 8. 
thoſe Numbers will alſo expreſs the Relation 
between its polar and equatoreal Diameter (2). 

This 


at Paris, as the Square of the Radius to the Square of the Co- 
fine of that Latitude, that is, as 7,540 64 Lines to 3, 267. Add 
this to 2174,055 the Gravity by which Bodies deſcend at Paris, 
and we have 2177,322 for the Gravity they fall with at the 
Poles : Which Number is to 7,540 the centrifugal Force at the 
Equator, as 289 to 1. So that the Gravity at the Poles is to 
the Gravity at the Equator, ſo far as it is diminiſhed in this lat- 
ter Place by the Rotation of the Earth about its Axis, in the 
Proportion of 289 to 288, But this is not all: For it may be 

thered, from what Sir 1/aac Newton has demonſtrated in his 
Frincipia, Book I. Sect. 13. where he treats of the attractive 
Forces of Bodies not ſpherical, (though by a tedious and intricate 
Calculation too long to be inſerted here) that ſuppoſing the Earth 
to be an oblate Spheroid, ſuch as we ſhall determine by and by, 
and homogeneous throughout, a Body at the Poles even when the 
Earth is at Reſt, would be heavier than the ſame at the Equator 
in the Proportion of about 112 to 1120. The Weight of a 
Body therefore at the Poles, when the Earth revolves about its 
Axis, is to the Weight of the ſame at the Equator, in a Pro- 
portion compounded of 289 to 288, and 1121 to 1120; that 
is, in the Proportion of 230 to 229. 

N. B. A Line is the 12th Part of an Inch. 

(e To ſhew this, call an equatoreal Column extended from 
the Surface to the Center, ; and a polar Column, x ; and call 
the Force of Gravity at the Equator, p : then from what was juſt 
obſerved in the foregoing Note, ſuppoſing the Earth to be at 
Reſt, the Force of Gravity at the Poles will be _—_— » becauſe 


I 
1120 
11219 


as 1120: 11212120 : and becauſe the Gravity of a Co- 


lumn if it be equally heavy in all Parts, is equal to the Force 
of Gravity multiplied by the Contents of the Calumn, the 
Weight of an equatoreal Column of Matter, if as heavy in all 
Parts as at the Surface, would, ſuppoſing the Earth to be at Reſt, 
be equal to p multiplied by v, that is, pr; and the Gravity of a 
Nn 2 polar 
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This is upon a Suppoſition that the Earth was 
at firſt fluid, or a Chaos, having its ſolid and 
fluid Parts confuſedly mixed together; but if 
we ſuppoſe it at firſt partly fluid and partly 
dry, as it now is, ſince we find that the Land 


1 *; but where. 
as if we ſuppoſe the Force of Atiraftion averſaly' as the Squares 
of the Diſtances. the Graviry of Bodies within the Earth will 
decreaſe as we go to the Center, Part I. Chap. 3. 4 8. where 
it (terminates i» Nothing, the Weights of the above-mentioned 
Columns dec:cahng uniformly po crewith, will be but half what 


we made them before, that 1 1808 — nd — — Call the centri- 


polar Column would for the ſame Reaſon be —— 


fogal Farce at the Equator, 2 4 Phony the centrifugal Force 
decreuics alſo as we approzch the Center, and there terminates 
in Nothing, the centrifugal Force of a whole Column of Matter 


will be = . Take this away from - the Weight of that Co- 


lumn when the Earth is at Reſt, and the remainder EL will 


be the Weight of the ſame when it moves. But to preſerve an 


Equilibrium of Parts, this Weight muſt be equal to _ 5 

which was ſhewn to be the Weight of a Column at the Poles. 
Ke . . 82 

Which gives us this Equation - 3 

Multiplying by 2, we have pr — ur SR 


Multiplying by 1120, 
have 

Which gives us this Equation : &: : 1121p: 1120þ — 1120#, 

But as was determined in the 
foregoing Note, p is to x as 
28% %. Putting there- 
fore thoſe Numbers for pf a 
and u, in the laſt Step, we J 
ſhall have 

That is, the equatorcal Semidiameter is to the polar one, as 230 

: 229. Which was to be ſhewn. 


WE d1120pr — 11201 == zi 


x 2 830 : 329. 


is 
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is very nearly of the ſame Figure with the Sea, 
except raiſed a little to prevent its being over- 
flowed, the Earth muſt ſtill be of the ſame 
Form; for otherwiſe the major Part of the 
Water would flow towards the Equator, and 
ſpread itſelf like an Inundation over all the 
Land in thoſe Parts, 

The ſpheroidical Figure of the Earth is 
greatly confirmed by Obſervations made with 
yFendulum Clocks, at different Diſtances from 
the Equator. Firſt of all Monf. Richer in the 
Year 1672, when at the Iſland Cayenne, found 
that his Clock, which at Paris kept true Time, 
now loſt 2 Minutes and 28 Seconds every Day. 
Dr. Halley going to the Iſland St. Helena in 
the Year 1677, was obliged to ſhorten the Pen- 
dulum of his Clock one eighth part of an Inch. 


With many others, all which compared together 


make it appear that a Pendulum at the Equator 
that ſwings Seconds, ought to be about one 
ſixth Part of an Inch ſhorter than at Paris; 
from whence it appears that the Difference be- 
tween the Gravity at the Poles and at the E- 
quator, is almoſt twice as great as what ariſes 
from the Rotation of the Earth about its Axis, 
and its ſpheroidical Form put together (p). 
And thercfore the Difference between the equa- 
torcal and polar Diameter muſt be ſo too. 
From 


„ For the Length of a Pendulum, ſwinging Seconds is pro- 
portionable to the Space a Body would fall through in a Second 
as being equal to an eighth Part of that Space, Part I. Chap. 6. 
Prop. 10. And the Space a Body would fall through in a Se- 
cond, is proportionable to the Force by which it falls ; conſe- 

quently 
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From hence it is probable, that the Parts of 
the Earth which lie near the Center, may be 
denſer than ſuch as lie nearer the Surface, For 
on this Suppoſition, and not otherwiſe, is it ac- 
countable, that the Gravity at the Equator 
diſcoverable by Pendulums, and that which 
ariſes from the above- mentioned Cauſes, ſhould 
be ſo different (). 80 


quently the Length of a Pendulum ſwinging Seconds under the 
Equator ought to be to the Length of one that ſhall ſwing Se- 
conds under the Pole, as the Gravities in thoſe Places are to each 
other: That is, as 229 to 230, The Length of a Pendulum 
therefore under the Equator, being 438,5 Lines, (as being two 
Lines ſhorter than one at Paris:) the Length of one at the Poles 
ſhould be 440,4 Lines; that is, it ought to be but 1,9 Line 
longer than the former. Whereas it is found by the Obſervations 
abovementioned, that the Difference between a Pendulum in 
the Latitude of Paris, and one under the Equator, is as much as 
that, or rather more; and conſequently the Difference between 
one at the Equator and one at the Poles would be almoſt twice as 
much ; there being almoſt as much Difference between a Pendu- 
lum at the Poles and at Paris, as between one at Paris and the 
Equator : And conſequently the Diminution of Gravity is almoſt 
twice as much as that which ariſes from the Rotation of the Earth 
about its Axis, and its ſpheroidical Form put together. 

(9) 1f the Earth be more denſe at the Center than near the 
* A we may conſider that Redundancy of Matter near the 
Center over and above what there would be there, was the Earth 
of uniform Denſity, apart, and as a ſeparate Body from the reſt, 
then upon Account of the {pheroidical Form of the Earth, a Body 
at the Poles is nearer to this redundant Matter than at the Equa» 
tor, therefore in removing a Body from the Poles to the Equator, 
its Gravity ſo far as it depends on the Attraction of this redun- 
dant Matter, that is, that Part of its Gravity which is owing to 
that Attraction, is diminiſhed : The whole Gravity of the Body 
is leſs therefore at the Equator than at the Poles. As therefore 
the Pendulum diſcovers a greater Difference of Gravity than ari- 
ſes from the Rotation of the Earth about its Axis, and the ſphe- 
roidical Form of it conſidered as homogeneous, put together, it is 
very probable that the Earth is more denſe at the Center than at 
the Surface, 


Eee eee 
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So that upon the whole, Bodies are lighter 
at the Equator than at the Poles, on a three- 
fold Account. Firſt, by the centrifugal Force 
there, in the Proportion of 289 to 288: Second- 
ly, on Account of the ſpheroidical Form of the 
Earth, or its Flatneſs at the Poles, in the Pro- 
portion of 1121 to 1120; and laſtly on Ac- 
count of the greater Denſity of the Earth at 
the Center, but in a Proportion not yet ſuffi- 
ciently determined, for want of knowing the 
exact Length of a Pendulum that ſwings Se- 
conds at the Poles. 

The greater warmth of the Air near the E- 
quator, increaſes the Length of a Pendulum 
by Rarefaction, on which Account alone, it 
would be neceſſary to ſhorten it at the Equator ; 
but this, as may be gathered from the Obſer- 
vations of Pitcairn and De la Hire, cannot be 
between this Latitude and the Equator above 
one fortieth part of an Inch; for as De la Hire 
obſerved, there was but two third Parts of a 
Line Difference between an Iron Rod ſix Feet 
long, expoſed to the Froſt and the Summer's 
Sun. Beſides, this is allowed for above, in 
ſay ing that a Pendulum ought to be ſhortned 
but one ſixth part of an Inch, 


It follows from hence, that the Tendency of 
heavy Bodies upon the Surface of the Earth, 
except at the Equator and the Poles, is not 
towards the Center of the Earth, but towards 


a Point between that and the Equator, Thus, 
let 
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let EPO in Fig. 50. repreſent the Earth, PP 
its Poles, EQ its equatoreal Diameter. The 
Tendency of a Body as A, upon the Surface 
of the Earth, between E and P, will not be 
towards C, but along the Line AD which 
croſſes the equatoreal Diameter in a Point nearer 


the Body than the Point C is (7). 


Another Conſequence of the ſpheroidical 
Form of the Earth is, that as you go from the 
polar Parts to the equatoreal, the Degrees upon 
the Surface of the Earth grow leſs and les; 


(r) To determine the Point D, ſay as EC is to AH; that is, as 
the Radius is to the Co-fine of the Angle of the Latitude of the 
Place A, ſo is the centrifugal Force at E, to a fourth Number, 
which will expreſs the centrifugal Force at A in che Direction 
AB. Produce therefore the Line 1A to B, till AB be of ſuch 
Length, that it may bear the ſame Propoi tion to AC, that the 
Quantity laſt found has to Gravity upon the Surface of the Earth. 
Compleat the Parallelogram HCD, and D wiil be the Point 
ſought, and the Tendency of an {cavy Body will be along the 
Line AD. Thus ſuppoſe it required to find the Lirection in 
which heavy Bodies tend towards the Earch in at the Latitude of 

t Degrees and 46 Minutes. Since the centrifugal Force at the 
Vino 4 as ſhewn above, bears that Proportion to the Force of 
Gravity, which 1 does to 289, let us take thoſe Numbers /or 
which will do as well, any other two that are proportionaule 
to them) the former to expreſs the centrifugal Force of a Body 
at the Equator, and the latter the Force of Gravity. Then ſay, 
as the Radius is to the Co ſine of 51 Degrees 46 Minutes, fo is 1 
to a fourth Number, which will be found ,618, This Quantity 
is therefore to Gravity as ,618 to 289. Therefore AB or its 
equal CD is to AC in that Proportion, But the Proportion be- 
tween CD and AC being known, and the Angle at C the Lati- 
tude of the Place, wiz. 51 Degrees 46 Minutes being given, the 
Angle CAD will be found about 5 Minutes, which is the Mea- 
ſure of the Deviation of the Line of Dirc&ion of heavy Bodies 
in that Latitude, from a Line drawn to the Center of the Earth. 
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that is, a Degree meaſured upon the Meridian 
near the Poles, contains more Miles than the 
ſame meaſured near the Equator. The Reaſon 
of this is, that, as appears by Inſpection of the 
Figure, an Arch near the Poles comes nearer to 
a ſtraight Line; that is, it is leſs curved than 
one near the Equator ; the former is therefore 
an Arch of a larger Circle than the latter ; but 
the larger the Circle, the larger are the Degrees 
meaſured upon its Circumference. For in going 
from P towards E, we are not to imagine our- 
ſelves upon the Circumference of a Circle 
whoſe Center is C, but to paſs continually from 
one Arch to another, which Arches are Portions 
of different Circles, the Centers of which ap- 
proach, as the Arches themſel ves become more 
curved. 


As the Waters of the Earth by Virtue of 
the Attraction of the Moon, and the Revolu- 
tion of the Earth about the common Center of 
Gravity of that and the Moon, were ſhewn 
in Chapter the laſt, to put on the Form of an 
oblong 1 Bind Axis produced paſſes 
through the Moon; ſo in like manner, if we 
confider the Moon as we have now done the 
Earth, we ſhall find, that as ſhe turns round 
her Axis in the ſame Time ſhe turns round the 
Earth, and therefore has nearly the ſame Side 
always towards the Earth, her Figure is that 
of an oblong Spheroid, whoſe longer Axis 
points to the Earth ; thoſe Parts which lie next 
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the Earth being attracted too much, and alſo 
having too ſmall a centrifugal Force ; and thoſe 
on the contrary, which lie on the oppoſite Side 
of her being attracted too little, and having a 
centrifugal Force too great; which for the 
Reaſons given in the above-mentioned Place, 
will neceſſarily give her that Form. 

Her Revolution about herAxis would, as in 
the Earth, give her a contrary Figure, but it 


is ſo very ſlow, that it is without any ſenſible 
Effect. = 


Material ERRAT A in Part III and IV. 


PART III. 
Page 164 Line 2 for ſuppoſed, read diſpoſed. 
PART. 
Page Line Inſtead of Read 
12 — 21 — ADME — ADBE 


neither the Sun 2 
nor the Earth neither of them 


LS) 
to 
| 
lng 
— 
| 


— 18 — Fig. 2. — 
+ — 32 — XV. — Ni. 
45 = 2 — Side — Side of the Equator 
48 — 29 — — — XVI. 
N 1 Br — cannot 
99 — 26 — ( (4) — . 
114 — 4 — Horizon — Heavens 
114 — 22 — Semidiameter — Aa Semidiameter 
113 — 29 — VIII. — VII. 
| 1122. — 27 — Refrafliim — Reflection 
440 — 14 — when — from the Place where 
K Juviſium. 
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PEN H E X 


To the WHOLE. 


=> | 
ACzon 1CAL Riſing and 
Setting of the Stats. 
Part IV. page 145. 

AcTt10N,, its Equality to Re- 
action ſhewn, P. I. p. 22. 

Air, defined; its Preſſure; 
its Elaſticity; capable of be 
ing contracted by Preſſure; 
its Elaſticity augmented by 
Heat; its Necef for the 
Preſervation of Life. P. II. 
p. 33—41. 

RA, what. P. IV. p. 200, 
The ſeveral Sorts of them. 
P. IV. p. 201. 

XATNA, the Cauſe of its vo- 
miting up Flames. P. II. 
p. 144. in the Notes. 

ALTiTUTE of a Star, what. 
P. IV. p. 139. 

AweHISC11, what, P. IV. 
p. 136. 

AMPLITUDE of aStar, what; 
riſing and ſetting Amplitude, 
what. P. IV. p. 140. 

ANNUAL Parallax of the 


Earth, what, P. IV. p. 52. 


[AnNNUs MAGNUS, what. 


P. IV. p. 57. 
ANOMALY, what, P. IV. 


49. 2 
ANTARCTIC Pole, what; 


Circles, what. P. IV. p. 
135. 


ANTICEDENTIA, what. P. 


IV. p. 56. | 
ANnT1PoDES, what. P. TV. 


p. 137. 
ANTOECT, what. P. IV. 
B. N. 


p. 137. 
APHELION, what. 
. 


p. 48. 
APoOGEON, what. 

p. 48. 
APPARENT DrsrAxcE, Dr. 


Bar row's Difficulty about 


it ſolved. P. III. p. 81. 
APPARENT Mor io, the 


apparent annual Motion of 
the Sun accounted for. P. 
IV. p. 35 Another Way 


of accounting for the ſame. 
P. IV. p. 44. in the Notes. 
—Of Mercury and Venus ac- 
counted for. P. IV. p. 58. 


Of 


— — U— — 


| 


1 


—Of Mars, Fupiter and Sa- 
— accounted for, P. NV. 


Fapiter and Saturn's O 
wr ites accounted for, P. 
IV. p. 93. 


APPARIT10N, Circles of per- 


* Apparition, What. 

IV. p. 144 
APPEARANCE > of Bodies ſeen 
through Media of different 
Forms. P. III. p. 72—85. 

— Of Bodies ſeen by Light re- 
flected from — and ſphe- 


rical Surfaces. P. III. p. 118 


3 5 +4 Poles, what; Cir- 
cles, what. P. IV. p. 135. 
ARBAs, deſcribed by revolv- 
ing Bedies proportionable to 
the Times. P. > hy 
Ascii, what. P. IV. p. 130. 
AscENSsIlJOx, Circles of it, 
| yh. P.IV. p. 1 
ight Aſcenſion, what. 2 
IV. p. 132; 
Oblique Aſcenſion, what. 
P. IV. p. 143. 
AsckNSTIO NAL Difference, 
what. P. IV. p. 14 
As cEN r of Fluids in Gon 
Gr e P. II. p. 57 —72. 
— Of Vapours, not ſuſficient- 
ly accounted for. Various 
Opinion concerning them 
examined and conſuted. P. 
IT. p. 130. 
ATMOSPHERE, what. P, II. 


Fes Height. . p. 39. 
That its Height may be de- 


termined by the Duration 


of the Gs an erro- 
neous Opinion, P, IV, » 
121. in the Notes. 
Without it all Parts of the 
Heavens, even in Spite of 
Sunſhine, would be quite 
dark. P. IV. p. 120. 
The heavenly Bodies appear 
elevated by the — 
of it. 5 = P. 75. and 
P. IV. 

renaming. diſtinguiſt's 
into Coheſion and Gravita- 
tion; each Kind proved 
from Facts; its Laws and 
Manner of Action. P. I. 
p. 12—18. 
Arguments to ſhe w, that the 
Planets are retained in theit 


Orbits thereby. P. IV. p. 


247. 
. not to be 2 
mechanical Cauſe. Preface, 
Note b. 

AuRORA BoREATLIS, a full 
Account of that remarkable 
one, which was ſeen March 
6, 17153 the general Phæ. 
nomena of it ; a Solution of 
each Phænomenon of it; 
Cote's, Halley's, Mairan's, 
Maier's Solutions of it. No- 


tice taken of it by Pliny, 
Seneca and Ariſtotle. P. II. 
p. 147—169. 


AURUM FULMINANS, itz 
Compoſition and Effects. 
P. II. p. 145. in the Notes. 

Trs AvTHOR, his Barome- 
ter, in which the Scale of 
Variation is infinite. P. II. 
p. 105, Another of the 


Author's 


R . 


Avthor's, in which the 
Scale is alſo infinite. P. II. 


P. IV. p. 130. 
The Inclination of the Axis 
of the Sun, and of ſome of 
the Planets to the Plane of 
the Ecliptic. P. IV. p. 16. 
in the Notes. 
Situation of the Moon's 
Axis. P. IV. p. 19. 

—Of the Earth, not always 
Parallel to itſelf. P. IV. 


p. 53. | 
AzIMUTH, what. P. IV. 
p. 138. 
85 a Star, what. P. IV. 
p. 140. 
B. 
PAron ETER, its Conſtruc- 


tion. P. IV. p. 34. 
Linus, his Hypotheſis about 
it. P. II. p. 86. 

Hugens, his Experiment 
with a Tube 75 Inches long. 
P. II. p. 87. 

— Uſe in determining the 

eight of Mountains. P. 
II. p. 88. 

Its Uſe in foretelling the 
Alteration of the Weather. 
P. II. p. 88. 

The Reafdn of its being low 
in windy Weather, P. II. 
p. 

2 's Hypotheſis con- 
futed. P. II. p. 95. 
Patric's Obſervations on 
the Riſing and Falling of it 
commended.” P. II. p. 96. 


_—_ 


Des Cartes's, his Barometer, 
P. II. p. 100. 

Horizontal or 

Barometer, P. II. p. 101. 
3 Barometer. P. II. 
p. 101. 

Rook 2 Wheel Barometer. 
P. II. p. 102. 

Hooks apr Barometer, 
P. II. p. 103. 

The Auchos s Barometer, 
in which the Scale of Varia- 
tion is infinite. P. II. p. 
105. 

Another of the Author's, 
in which the Scale of Va- 
riation is alſo infinite. P. II. 


. 110, 
| Portable Barometer. P. II. 
p. 113. 
BLACKNESS, the Abſence of 
all Colour. P. III. p. 143. 
Bopy, its 3 Properties. 
. 
The Qualifications in Bodies 
neceſſary to diſpoſe them to 
reflect Rays of different Co- 
lours. P. III. p. 174. 
Sir ſaac Newton's Conjec- 
ture about its conſtituent 
Particles. P. III. p. 153. 
Cauſes of its Opacity and 
Tranſparency. P. III. p. 


4. 
Lichter at the Equator of 
the Earth than at the Poles, 
on a threefold Account, P. 
IV. p. 281. 


Dr. BoERHAAVRE, his No- 


F 


tion of Fermentation. 
II. p. 5. 


BaErers, 


warm Weather, accounted 
for. P. II. p. 128. 


C. 

Ceza, Julius Cæ- 

ſar's Reformation of it. 
P., IV. p. 186. 
Pepe Gregory, his Altera- 
tion of it. P. IV. p. 190. 

Cances, Tropic of it, what. 
., 

CAPILLARY Mubes, what; 
their Phænomena ſhewn to 
be owing to the Attraction 
of Coheſion; the Abſurdity 
of a Fluid being made to 
circulate by Virtue of a Ca- 
pillary Tube. P. II. p. 
57 71. 

Carricorn, Tropic of it, 
what. P. IV. p. 135. 
Cab DIS AL Points, what. P. 

IV. p. 139. 

Des CarTEs, his Opinion 
of the Horizontal Moon. 
P. III. p. 87. 

CARTESIAN Notion of Va- 
pours confuted, P. II. 
p. 130. 

Notion of Light confuted. 
P. III. p. 8. 


R * of Gravity, what. 


P. I. p. 59. 
2 Magnitude, what. P. I. 


— e "Motion, what. P. I. 


P. 8 Ed 
= 22 what. P. I. 
3. How determined. 
ore to Part I. 
— Of Percuflion, what, and 


wan Ht 


P D M & 


Ba nzsEs from the Sea in 


N 


how determined, Appendix 
to Part J. 


CEenTRIPETAL and Centri- 


fugal Forces, their 2 
explained. P. I. p. 43. 
The Effects of 2 largely 
ſet forth and — 2. 
P. IV. p. 203. to the End. 


CirCLx, great; leſs; paral. 


lel; the Poles of it; Axis 
of it; Secondary of it; 
fixed; moveable; of Af. 
cenſion and Declination; 
Hour Circle; tropic and 
polar Circles; arctic and 
antarctic; vertical; of per- 
petual Apparition, and per- 
petual Occultation. P. IV. 
p. 125 — 146. 

The exact Adjuſtment be- 
tween a projectile and cen- 
tral Force, neceſlary that a 
revolving Body ſhould be 
retained therein. P. IV. 
p. 210. 


CLiMATEs, what. P. IV. 


p. 144. 


ns £510Nn, Attraction of it, 


what, P. I. 12. 

The Proof and Laws of it. 
P. I. p. 13. 

Not a mechanical Cauſe. 
Preface, Note b. 


CoLours, the Cauſe of the 


Variety of them, P. III. 


Py, 141. 
The Qualifications in Bodies 


which diſpoſe them to re- 


_ Rays of different Co- 
ours. B. III. p. 147—153. 
88 their Nature and 


Motion; the Opinion 6 
the 


KNA 


the Ancients concerning 
them; their apparent Mo- 
tions accounted for; the 
Form of their Tails; Sir 
Iſaac Newtan's Opinion 
concerning their Tails; a 
Conjecture ot the Author's 
concerning 'them ; the Me- 
thod of inveſtigating their 
apparent Courſes. P. IV. 
p. 98—112. 
The Form and Poſition of 
their Orbits. P. IV. p. 22. 
ComMMUNICAT10N of Mo- 
tion, in Bodies not elaſtic. 
P. I. p. 50. 
In Bodies elaſtic. P. I. 


p. 53. 

Cour Ass, the Points of it, 
what. P. IV. p. 139. 
Cox ju Noro inferior and 
ſuperior, what. P. IV. 

p. 58. 

ConSEQUENTIA, Motion in 
it, what. P. IV. p. 56. 
ConsTELLATIONS, what. 

P. IV. p. 27. 

H ave forſaken their former 
Places. P. IV. p. 56. 
CorkRRNIcAN Syſtem, de- 
ſcribed. P. IV. p. 12. De- 
fended. P. IV. p. 22. in 

the Notes. 

Copernicus, his Prophecy 
concerning the Phaſes of 
Venus. P. IV. p. 65. in 


the Notes. 
Cos ic Al Riſing and Setting 
of the Stars. P. IV. p. 145. 
Cor Es, his Solution of the 
Aurora Borealis. 
158. 


P. II. p. 
D 


| CREpUSCULUM, or Twilight, 
accounted for. P. IV. p. 
121. 
That the Height of the At- 
moſphere may be determined 
by it, an erroneous Notion. 
P. IV. p. 121. in the Notes. 
CHRONOLOGY, the Elements 
of it. P. IV. p. 178—202. 
CULMINATION of a Stat, 
what. P. IV. p. 139. 
CYCLts, the ſeveral Sorts of 
them. P. IV. p. 193. 


D. : 

Dax, and Nights, their 

Variety in Point of 

. Length accounted for. P. 
IV. p. 37. 

—Of the Week, whence their 
Names. P. IV. p. 184. 

DzctinaTion, what. 

IV. p. 132. 

DEGREE, the Ninetieth, 
what, P.IV. p. 140. 
At the Poles larger than at 
the Equator, P. IV. p. 282. 

DEPRESSION of aStar, what. 
P. IV. p. 139 

Des CAR TES, his Barome- 
ter. P. II. p. 100. 

Dr. DESsAGuLIERS, his Opi- 
nion concerning the For- 
mation and Aſcent of Va- 
pour, examined. P. II. 
p. 133. . 

DEsCENT of Bodiesonoblique 
Planes, P. I. p. 28. 

Dew, the Cclours of the 
Rainbow ſeen in it. P. III. 
P. 208. 


DriASON AL 


Driaconar Barometer, de- 
ſcribed, P. II. p. 101. 
PIAMETERSs of the Sun and 


primary Planets. P. IV. 
p. 14. 
Dir rE RENE, aſſentional, 


what. P. IV. p. 143. 
Dis r ANCE of an Object, how 

judged of by the Eye. P. 
IM. p. 70. 


—Of the Sun and primary | 


Planets. P. IV. p. 14. 

—Of the Moon from the 
Earth. P. IV. p. 19. 

— Of the Satellites of Jupiter 
and Saturn from their Cen- 
ters. P. IV. p. 19. 

Divistirittiry of Matter, 
the Meaning of its Infinity 
explained : its Infinity de- 
monſtrated ; how far Mat- 
ter is atually diviſible, con- 
ſider d. P. I. p. 7—9. 

DruxxAL Motion of the 
heavenly Bodies, accounted 
for. P. IV. p. 33. 

Doc raid of the Sphere, 
treated of, P. IV. p 125— 
146. 

DomiNni1CAL or Sunday Let- 
ter, on what its Alteration 
is founded, P. IV. p. 194. 

Dr aGoN's Head and Tail, 
what. P. IV. p. 76. 


E. 
Earn, its Axis, what; 
its Poles, what. P. IV. 


p. 130. 

The Poſſibility of its being 
inhabited quite round. P. 
IV. p. 9. 
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Its Diameter; Diſtance from 
the Sun; its periodical Time 
and Rotation about its Axis. 
P. IV. p. 14. in the Notes, 
Its annual Parallax, what. 
P. IV. p. 56. 
Its Axis not always paral- 
lel to itſelf, P. IV. p. 53. 
The Method of meaſuring 
its Circumference. P. IV, 
p. 140. in the Notes, 
Its Form, that of an oblate 
Spheroid. P. IV. p. 274. 
Its ſpheroidical Figure con- 
firmed by Pendulums. P. 
IV. p. 279. | 
That it is more denſe at the 
Center than at the Surface, 
probable. P. IV. p. 280. 
Bodies lighter at the Equa- 
tor of it than at the Pole on 
a threefold Account. P. IV. 
p. 281. : 
EAsTER, the Rule for finding 
it explained, P. IV. p. 197. 
EBBING and Flowing of the 
Sea, accounted for. P. IV. 
p. 266. | 
Ecno, the Nature of it ex- 
plained. P. II. p. 52. 
Eclirszs of the Sun and 
Moon, with their ſeveral 
Circumſtances, accounted 
for. P. IV. p. 86-93. 
—Of Jupiter and _— da- 
tellites, P. IV. p. 93 
Eclirric, what. p. IV. 
p. 36 and 127; its Axis, 
what ; its Poles, what ; its 
Secondaries, what; Signs 
of it, what. P. IV. p. 
127 and 128. 
ELASTICIT I 
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ELasSTICITY of the Air, 
P. II. p. 36. 


ELECTRICITY, the Proper- | 


ties of it. P. I. p. 18. 
ELEVATION of the Pole, 
what. P. IV. p. 140. 
ELL1Ps15, deſcribed, F. N. 

p. 17, in the Notes, 


p. 65. nions of Friend, Keill and 
Eroch, what. P. IV. p.] Baerbaave about it; the 
200. Manner in which it is to be 
EAT TON of a Planet, what. accounted for. P. II. p. 
. IV. p. 40. 170— 173. 
Eouarox, what. P. IV.|FiGures of the ny Bo- 
p. 130. dies. P. IV. 
EOUuINocTIATI, what. P. Frs of eaſy Rellectlon and 
IV. p. 132. Tranſmiſſion, not the Cauſe 
—boints, = P. IV. p.] of the Reflection of Light. 
52 and 132. P. III. p. 163. 
— points, their Proceſſion, FLAMuEs, why vomited up by 
ere. burning Mountains. P. II. 
Points, their Proceffion, | p. 144. 
accounted for. P. IV. p. Fox EN TIN E Experiment, 
265. P. I. p. 7. in the Notes. 
—Colure, what. P. IV. p. Frurpir , the Nature of it. 
40. P. II. p. 4. 
ESsENTIAIL Properties of | FLUitDs, how they act upon 
Body. P. I. p. 7. each other by their Preſſure; 
EXCENTRICITY, what, P. how upon Solids, P. II. 
IV. p. 17. in the Notes. p. 7—32. 
—Of the Moon's Orbit. P. 3 70 Reſiſtance. P. II. 


IV. p. 19. in the Notes. 
How great in the Orbit of 
each primary Planet, P. IV. 
p. 18. in the Notes. 
ExTENS1ON, a Property of 


Body. P. I. p. 7. 
Eve, the N ue mg] of it. 
P. III. p. 53-55: 


Why blind with Reſpect to 


Objects — before it in 
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a certain Point, P. III. 


p. 69. 


F. 
Fa: LING Bodies, their 


Phznomena accounted for. 
P. I. p. 24. 


| FERMENTATION, from 
ELONGATION, what. P. IV. 


whence it ariſes; the Opi- 


The Abſurdity of their be- 
ing made to circulate by 
means of a Capillary Tube. 
P. IV. p. 71. in the Notes. 
FokcEs neceſſary to retain 
revolving Bodies in circular 


and other Orbits. P. IV. 
p. 203. 


FouxTAINS, 


. 
— 
> 2 . 


| 


FounTaAiNs, their Origin; 
Ariſtotle's, Des Curtets, 
Varenius's, Marriot's, and 
Halley's Opinion of them. 
FP. II. p. 7376, 


Their Reciprocation ac- 
counted for. P. II. p. 81. 

FRIo Ip Zone, what. P. 
IV. p. 136. 


G. 


GAssEN pus, his Opinion 
of the Horizontal Moon. 

P. III. p. 87. 
EOCENTRIC Latitude, 
what, P. IV. p. 62. 

Gropts, their Deſcription 
and Uſe, P. IV. p. 147. 
Problems on them. P. IV. 
p. 161—178. 

GolpEN Number, what. P. 
IV. p. 197. 

GRAvITATToN of Matter, 
its Laws and Manner of 

acting, the Senſe in which 
the Word is uſed in Philoſo 
phy. P. I. p. 12—17. 
Demonſtrated not to be a 
mechanical Cauſe. Preface, 
Note b. 

GRAVIT , ſpecific, what. 
TAL Þ. 27 

GREGORY (Pope) his Refor- 
mation of the Calendar. P. 
IV. p. 190. 


H. 


HA the Cauſe of it. P. 
II. p. 141. | 
Dr. HALLEy, his Hiſtory of 


| 


INDE: 


the Winds. P. II. p. 116. 
in the Notes. 

His Solution of the Aurora 
Borealis. P. II. p. 160. 
HarpNEss in Bodies, the 

Degrees of it accounted for, 

| P. . 14. 

HarvesT Moon, accounted 

for by the Globe, P. IV. 

N P. 168. 

Hear of the Sun, why not 
the greateſt when the Sun is 

moſt elevated. P. IV. p. 51, 

HEeAavenLy Bodies, the phy- 
ſical Cauſe of their Motions, 
P. IV. p. 203—274- 
Their Figures. P. IV. p. 
274. 

HE AVE &Ns, the Poles of them, 
what. P. IV. p. 130. 

Hz Av Bodies, their Ten- 
dency not towards the Cen- 
ter of the Earth, except at 
the Equator and the Poles, 
P. IV. p. 281. 

HELIACAI Riſing and Setting 
of the Stars. P. IV. p. 145. 

HELIOCENTRIC Latitude, 
what. P. IV. p. 62. 

 HEMISPHER Es, northern 
and ſouthern, what. P. IV. 
p. 132. 

HERMETICALL L ſealed, 


what. P. II. p. 100. in 
the Notes. 
HET EROS II, what. P. IV. 
p. 136. 


Dr. Hoox's marine Barome- 
ter deſcribed, P. II. p. 103. 
Hok Iz ox, ſenſible and ratio- 


nal, what. P. IV. p. 138. 


Holz oN TAL 


In 


Id 
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Hok Iz ON TAL Barometer, 
deſcribed. P. II. p. ror. 
Moon, Des Cartes's, Gaſ- 
ſendus's, Hobbs, De Veils, 
and MWalliss Opinion of it; 


the Author's Thoughts con- 


cerning it. P. III. p. 87— 


1485 Circles, what. P. IV. 
p. 134. 

Hu ENS, his Experiment 
of filling a Tube 75 Inches 
long with Mercury. P. II. 

172 
A abs, lucid Spot, 
diſccvered in the Heaven by, 
him. P. IV. p. 29. in the 
Notes. 

HyDpROSTATICAL Balance, 
its Uſe. P. II. p. 3a. in 
the Notes. 

HypROSTATICS, the Intent 
ar 5.01. þ 4. 


| 
[Ma Apsis, what. P. IV. 


IMAGE, why three or more 
appear, when a ſingle Ob- 
ject is viewed in a common 
Looking Glaſs. P. III. p. 
120. in the Notes. 

Iur Aci, that Light is not 
reflected by it. P, III. p. 
158. 

INACTIVITY, a Property of 
Matter. 7. 

IncipenCE, that the Sine of 
the Angle of Incidence bears 
a conſtant Ratio to the Sine 


of the Angle of Nefraction · 
P. III. p. 14. 
The Sine of the Angle of 
Incidence equal to the Sine 
of the Angle of Neſlection. 
P. III. p. 99 

IN LIN ATION ef the Axis of 
the Sun, and of the Axes 
of ſome of the Planets to 
the Plane of the Ecliptic. 
P. IV. p. 16. is the Notes. 

—Of the Orbit of each pri- 
mary Planet to the Plane of 
the Ecliptic. P. IV. p. 18. 
in the Notes. | 

Of the Moon's Orbit to the 
Plane of the Ecliptic. P. IV. 
p. 19. in the Notes. 

—Of Saturn's Ring. P. IV. 


p. 21. 

—Of the Orbits of Fuptter's 
and Saturn's Satellites. P. 
IV. p. 21. in the Notes. 

—Of the Orbits of the Co- 
mets. P. IV. p. 22. 

Ix LIN ED Plane, the Falling 
of Bodies down it conſider'd. 

i | 

INFERIOR Conjunction, 
what. P. IV. p. 58. 

IneiniTyY of the Diviſibility 
of Matter explained and de- 
monſtrated. P. I. p. 8. 

Sir Is AAc NewrToON, his 
Conjecture about the Size of 
the conſtituent Particles of 
Bodies. P. III. p. 1535 

—His Fits of eaſy Reflection 
and Tranſmiſſion, examined. 
P. III. p. 163. 

His Opinion concernin — 


Tails of the Comets, exa- 
mined. P. IV. p. 102. 


Juriax Period, what. P. 


IV. p. 199. | | 
Jurius Cxsar, his Refor- 


mation of the Calendar, P. 
IV. p. 186. 


Jorir ER, its Diameter, Diſ- 


tance from the Sun, Perio- 
dical Time and Rotation 
about its Axis. P. IV. p. 
14. in the Notes. 
The Situation of its Axis. 
P. IV. p. 16. in the Notes. 
The Excentricity and In- 
elination of its Orbit. P. 
IV. p. 18. in the Notes. 
The periodical Times and 
Diſtances of its Moons. P. 
IV. p. 19. in the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of computing 
its Diſtance from the Sun. 
P. IV. p. 70. in the Notes. 
The apparent Motion, E- 
dclipſes and Occultations of 
its Satellites. P. IV. p. 93 


5. 

The Method of determining 
by the Eclipſes of its Satel- 
lites, the Parallax of the 
Earth's Orbit, the ſucceſſive 
Propagation of Light, and 
the Longitude of Places. P. 
IV. p. 96. in the Notes. 


K. 


KEirr, his Not ion of Fer- 
mentation, conſidered, 


JL. D E A, 


0 — His Determination of the 
; Height of the Earth's At. 
moſphere, from the Dura- 
tion of the T wilight, ſhewn 
to be erroneous. P. IV. 
p. 121. in the Notes, 
KETTLER, his Senſe of the 
Poctical Riſing and Setting 
of the Stars. P. IV. p. 145. 
| in the Notes. 


= 


L* TITUDE, heliocentric 
| and geocentric, what, 
P. IV. p. 62. 
| —Of a Place on the Earth, 

what. P. IV. p. 133. 
—Of a Star, what. P. IV. 
p. 127. 
Parallels of Latitude, what. 
F.1V..Þ. 13K. 
Laws of Motion. P. I. p. 20. 
LEIBN ITS, his Hypotheſis 
concerning the Cauſe of the 
Deſcent of the Mercury in 
the Barometer, confuted. 
K 
LENSES, the ſeveral Sorts of 
them; the Manner in which 
Rays are affected in paſſing 
through them, P. III. p. 
44—52. 
Why the convex ones are 
uſed by old People, and the 
concave ones by Voung. P. 
III. p. 84. 
Lx VER, its Properties. P. I. 
p. 20. 
LicaT, the Emiſſion of it 


AN Il. P. 170. 


ſuffciently accounted for ; 
the 


from luminous Bodies not 
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the Idea of it, how excited ; 


how propagated, P. III. 
p. 4. 

Its Velocity, how com- 
puted. P. III. p. 6. but 
more determinately. P. IV. 
p. 96. in the Notes. 

The ſurprizing Fineneſs of 
its Particles. P. III. p. 6. 
Decreaſes as the Square of 
the Diſtance from the lumi- 
nous I increaſes, P. 
III. | 

Des Cotter 8, Notion of it, 
confuted. P. III. p. 8. 
The Refraction of it, ac- 
counted for. P. III. p 9. 
The Law of its Refraction 
demonſtrated. P. III. p. 14. 
Its Refraction in paſſing 
through plain and ſpherical 
Surfaces, conlider'd. P. Hl. 
p. 18—44. 

The Manner in which it is 
reflected. P. III. p. 97. 
The Law according to 


which it is reflected. P. III. 


p. 99. | 

lis RefleQion from plain 
and ſpherical Surfaces, con- 
ſider d. P. III. p. 1co— 
117. 

Its different, Refrangibility 
ſnewn. P. III. p. 134. 
The Rays of it diſpoſed to 
excite Ideas of different Co- 
- Jours. P. III. p. 134. 
The Opinians of Philoſo- 
phers concerning the Cauſe 
of its Reflection, confuted. 
P. III. p. 158—167. 


The Cauſe of its Reflection 


not yet accounted ſor. P. 


III. p. 167. 

LiGHTNING, the Cauſe of 
it. P. II. p. 143. 

Ling of the Nodes, what. 
P. IV. p. 62. 

LIS EA Apridum, what. P. 
IV. p. 48. 

LoapsToNE, its Properties. 
© 5 1 

LonG1iTUDE of a Place on 
the Earth, what. P. IV. 


p. 131. 
The Method of determining 
it from the Eclipſes of Fu- 
piter's Satellites. P. IV. p. 
. 07. in the Notes. 
—Of a Star, what. P. IV. 
p. 127. 6 
Looking GLAss, why three 
or more Images appear, 
when a ſingle: Object is 
viewed in a Looking Glas. 
P. III. p. 120. in the Notes. 
LUNAR IRREGULARIT1ES 
accounted for. P. IV. p. 


249. 
M. 


I, Gag Lantern, deſcrib'd. 
P. III. p. 210. 
Malk R, his Solution of the 
Aurora Borealis. P. II. p. 

150. 

Mal AN, his Solution of the 
fame, P. II. p. 160. 

Mak INE Barometer deſcrib'd. 
P. II. p. 10g. 

MaRs, its Diameter; Dif- 
tance from the Sun; perio- 
dical Time and Rotation 

about 


about its Axis. P. IV. p. 
14. in the Notes. | 
The Inclination of its Axis 
to the Plane of the Ecliptic. 

P. IV. p. 16. in the Notes. 
The Excentricity of its Or- 
bit. P. IV. p. 18. in the 
Notes. 

The Iuclination of its Or- 
bit to the Plane of the E- 
cliptic. P. IV. p. 18. in 
the Notes. 

Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of determining 
its Diſtance from the Sun. 
P. IV. p. 70. in the Notes. 

MATTER, its eſſential Pro- 
perties. P. I. p. 7. 

Its infinite Diviſibility de- 
monſtrated, and the Mean- 
ing of it explained. P. I. 


by K 
* Attraction of Coheſion 
and Gravitation. P. I. 
"Wk 
Mecnranicar Powers treat- 
ed of, P. I. p. 58—75. 
Me pium, the Meaning of it 
in an optical Senſe. p. III. 


Ms - ux in the Barometer) 

the Reaſon of its ſtanding 
low in windy Weather. P. 
II. p. 92. 
Leibnits's Hypotheſis con- 
cerning its Deſcent before 
Rain, confuted, P. II. p. 95. 
Pattic's Obſervations con- 
cerning the Riſing and Fall- 
of it. P. II. p. 96. 
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Rules ſor knowing whether 


it be Riſing or Falling. P. 


II. p. 98. 
Mzzxcury (the Planet) its 
Diameter, Diſtance from 


the Sun, * and Periodical 
Time. PIV. p. 14. in the 
Notes. | 
The Excentricity of its Or- 
bit. P. IV. p. 18. in the 
Notes. 

The Inclination of its Or- 
bit to the Plane of the E- 
cliptic. P. IV. p. 18. in 
the Notes. © 

Its apparent Motion ac- 
counted for. P. IV. p. 58. 
Its greateſt Elongation, P. 
IV. p. 65. 

MEexiDian, what. P. IV. 
p. 131. 

Mzr1D1Aan Line, to find it 
partly by the Help of the 
Globe. P. IV. p. 177. 

Mickoscor Es, a modern In- 
vention. P. III. p. 169. 
Their Deſcription and Pro- 
portion of magnifying. P. 
III. p. 171. 

Mip-HEAVEN, what. P. IV. 
p. 140. 

Mirk V Way, what. P. IV. 
p. 28. 

Mouzxrun, the Meaning 
of it explained. P. I. p. 49. 

Monsoons, accounted for, 
P. II. p. 126. 

Mor As periodical and ſyno- 

dical, what. P. IV. p. 74. 
and p. 185. other Sorts of 
them, P. IV. p. 185. 

Moon, ſeveral Opinions con- 

cerning the horizontal 
Moon, 
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Moon conſider d. P. III. p. 
86—96. 

Sometimes occaſions the 
Appearance of a Rainbow. 
P. III. p. 209, 

Its periodical Time, and 
Rotation about its Axis; its 
Diſtance from the Earth, 
and Situation of its Axis; 
the Excentricity of its Or- 
bit, and the Inclination 
thereof to the Plane of the 
Ecliptic. P. IV. p. 19. 

Its different Phaſes or Ap- 
pearances accounted for. P. 
IV. p. yz. 

Its obſcure Hemiſphere en- 
lightened by the Earth, P. 
IV. p. 74. 

Its Librations accounted for. 
P. IV. p. 81. 

The Manner of meaſuring 
the Height of the Moun- 
tains therein, P. IV. p. 85. 
in the Notes. 

Its Irregularities accounted 
for. P. IV. p. 249—264. 

MoT10on, the Laws of it. P. 
I. p. 20. 

MouxTAINnS in the Moon, 
the Height of them, how 
meaſured, P. IV. p. 85. in 
the Notes. 

Burning Mountains, their 
Cauſe. P. II. p. 144. in 
the Votes. | 

Music, the Effects of it on 
Perſons, bit with the Ta- 
rantula, P. II. p. 55. in 
the Notes. 

Musicar Tones, wherein 


| | 


their Difference conſiſts, P. 
IT. p. 53. 


N. 


N4Þ'n, what. P.IV. p. 
138. 

NrzuwENnTYT, his Notion 
of the Formation and Riſe 
of Vapours examined. P. 
II. p. 132. 

NiNETIETH Degree, what. 
P. IV. p. 140. 

Nopzs, the Line of them, 
what. F. .,. 
Aſcending and deſcending 
Nodes, what. P. IV. p. 
76. 

Nuck THEME RON, what. 
F. IV. . 182. 

NUMBER of the Stars, P. 
IV. p. 29. 

NuTATI1oN of the Poles, 


what. P. IV. p. 52. 
—Accounted for. P. IV. p. 
266. 


O. 
OÞ2=cr, why it appears 


eret, when its Image 
in the Eye is inverted. P. 
III. p. 65. 
Why it appears ſingle tho 
viewed with both Eyes, ſe- 
veral Opinions about this, 
P. III. p. 66. 
The Diſtance of an Object 
how judged of by the Eye. 
P. III. p. 70. 
The Appearance of Ob- 


| 12 ſeen through Media of 


different 
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different Forms. P. III. 
p. 72—85. 
The Appearance of Objects 
ſeen by Light reflected from 
lain and ſpherical Surfaces. 

Þ. III. p. 118—1 33. 
Why three or more Images 
appear when a ſingle Object 
is viewed in a common 
Looking Glafs. P. III. p. 
120. in the Notes. 

OBr1iQue Aſcenſion, what, 
P. IV. p. 143. 

Forces, their Effect. P. I. 


P. 55 

— Planes, the Deſcent of Bo- 
dies on them conlider'd, P. 
I. p. 28. 

— Sphere, what. P. IV. p. 
142. 

OBscurA CAMERA de- 
ſcribed. P. III. p. 210. 
OccurTaAT1on of Fupiter”s 

and Saturn's Satellites. P. 
IV. p. 93- 
Circles ot perpetual Occul- 
tation, what, P. IV. p. 
144. 
Oc rav Tone, the Nature 
of it, P. II. p. 54. 
Oracir v, the Cauſe of it. 
P. III. p. 154. 
Or ric Angle, what. P. III. 
p. 70. 
— Nerve, what. P. III. p. 
Orrics, in what the Science 
of it conſiſts, P. III. p. 3. 
OrB1T, the Plane of it, 
what. P. IV. p. 12. in 
the Notes. 
The Inclination of the Or- 


; 


bit of each primary Planet 
to the Plane of the Ecliptic. 
P. IV. p. 18. in the Notes, 
The Inclination and Excen. 
tricity of the Moon's Or. 
bit. P. IV. p. 19. in the 
Notes. 
The Form and Inclination 
of the Orbits of the Co- 
mets, P. IV. p. 22. 
The Inclination of the Or- 
bits of Fuptter's and Saturn's 
Satellites. P. IV. p. 21. in 
the Notes. 
Oxr161n of the Winds, ae. 
counted for. P. II. p. 116. 
OR RERVY, its Deſcription 
and Uſe. P. IV. p. 147. 
QsciLLATiON, its Center, 
what. P. I. p. 33. 
The Center of it determin'd, 
Appendix to Part I. 


P. 
P* RAIL L Ax, the Earth's 


annual Parallax, what. 
F 
The Parallax of the Semi- 
diameter of the Earth's Or- 
bit, what. P. IV. p. 70. 
The Method of finding the 
Dittance of the Planets from 
the Sun by this Parallax, 
P IV. p. 70. in the Notes. 
The Method of determin- 
ing this Parallax from the 
Eclipſes of Jupiter's Satel- 
lites. P. IV. p. 96. inthe 
Notes. 
—Of the heavenly Bodies ex- 
plained. P. IV. p. 113. 
PARALLACTIC 


P; 


Pi 


1; M D £4 


_ PaRALLACTIC Angle, what, 
P. IV. p. 114. 
The Method of determining 
the Diſtance of a Planet 
from the Earth thereby. P. 
IV. p. 115. in the Notes. 

PARALLE I. Circle, what. 
P. IV, Þ. 125. 

— Sphere, what. P. IV. p. 
142. 

PaRALLELS and Climates, 
what, P. IV. p. 144. 
PARALLELS of Latitude, 
what: P.IV. p. 128. 
PassIVENEsSs, a Property of 

Body, P. IV. p. 7. 
PeNDULVUMS, their Theory: 
F. 0 - $2. 
Their Vibration in a Cy- 
cloid. Appendix to Part I. 
PrxUMBRA, what. P. IV. 
p. 91. 
Px cuss fog, the Center of 


it, determined. Appendix 
to Part J. 

PERIC Zo, what. P. IV. 
p. 49. 

PERIHETTION, what. P. IV. 
p. 48. 


Penk on, victorian, what. P. 
IV. p. 199. in the Mees. 
Julian, what. P. IV. p. 
199. 

PRRIOD I AL Month, what. 
P. IV. p. 74. 

Lime of the Moon, and of 
 Tupiter's and Saturn's Sa- 
tellites. P. IV. p. 19. 
PrRTIOECI, what, P. IV. 

p. 137. 

aa what. P. IV. p. 

> 


 PraneTs, the Poſſibilit 


PERPETUAL Motion, the 


Impoſſibility of it. P. I. 
p. 74. 

—Apparition, Circle of it. P. 
IV. p. 14 

—Occultation, Circle of it. 
p. IV. p. 144. 


PH As Es of the inſerior Planets, 
explained. P. IV. p. 62. 

—Of the Moon. P. IV. p. 
72. 

PHYSsIC AI Cauſe of the Mo- 
tion of the heavenly Bodies. 
P. IV. p. 203—274. 

PAN E of an Orbit, what. 
P. IV. p. 12. in the Notes. 

of 

their Motions. P. IV. p. 

4—10: 

A Table of the Diameters, 

Diſtances from the Sun, pe- 

riodical Times and Rota- 

tions of the primary Planets 

about their Axes. P. IV. 

p. 14. in the Notes. 

Their apparent Revolution 

in 24 Hours accounted for. 

r. 

The phyſical Cauſe of their 

Motions. P. IV. p. 203— 


274. 
The Figures they aſſume by 
revolving about their Axes. 
P. IV. p. 274. 

PN EUMATICSs, what. P. II. 
P. 33. i : 
PoETIc AL Riſing and Setting 

of the Stars. P. IV. p. 145. 
PorwTsof the Compaſs, what. 

P, IV. p. 139. 

Cardinal Points, what. P. 


IV. p. 130. | 
K 2 Pat Ar. 


IND E X. 


Pol Ax Circles, what. P. IV. 
p. 134. 

Pol, the Elevation of it, 
what. P. IV. p. 140. 
Pol Es of a Circle, what. P. 

IV. p. 126. | 

—Of the Earth, what. P. 
IV. p. 130. 

— Of the Earth, their Nuta- 
tion, what. P. IV. p. 53. 
its Solution. P. IV. p. 266. 

Of the Ecliptic, what. P. 
IV. p. 127. | 

—Of the Heavens, what. P. 
IV. p. 130. 

PorRTABLE Barometer, de- 
ſcribed, P. II. p. 113. 
PRECESSION of the Equinoc- 

tial Points, what. P. IV. 


32. 

Their Solution. P. IV. p. 
265. 

PRESssuRkE of Fluids, conſi- 
der'd. P. II. p. 7—27. 
Prime Vertical, what. P. 

IV. p. 139. 

PRINcIr t Es of Natural Phi- 
loſophy. Preface, p 4. 
The Connection between 
them and the chief Phæno- 
mena of Natural Philoſophy. 
Preface, p. 10—38. 

Their Proof and Laws of 
Action. P. I. p. 12—19. 


Demonſtrated to be no me- 
chanical Caufes, Preface. 
Nite b. by 
—Of Chronolgy. P. IV. p. 
17 8—202, 
PrRoBLEmMs on the Globes, 
P. IV. p. 161-178. 


| 


ProJecTILES, their Theory, 
P. I. p. 38. 

PROPERTIES of Body. P. 
L. 2 9. | 


PRoSTHAPHARESIS of 2 
Planet, what. P. IV. p. 


49. 

PTOLEMAIC Syſtem, de- 
ſcribed, P. IV. p. 13. in 
the Notes. 

PULLEY, its Properties. P. 
I. p. 64. 

PuLvis FULMINANS, its 
Compoſition - and Effects. 
P. II. p. 145. in the Notes. 

Pour, capable of raiſing Wa- 
ter from any Depth. P. II. 
p. 84. 

PyriTEs, thought by Dr. 
Lifter to be the Occaſion of 
Thunder, Lightning, Earth- 
quakes and Volcano's, P. II. 
p. 145. in the Notes. 


Q. 


UADpRANT of Altitude, 
what. P. IV. p. 159. 
QvuALIFICATIONS in Bodies 
which diſpoſe them to reflect 
Rays cf different Colours, 
P. III. p. 147 —154-. 


R. 


R An, the Cauſes uſually 
aſſign'd for it. P. II. p. 
138. 
Rays. See Light. 
RzACTION, its Equality to 
Action, ſhewn, P. I. p. 
22. 
RKxCiPROCATIO N 


e w& ww »w a RnRWw 
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REC1PROCATION of Springs, 
accounted for, P. II. p. 81. 
in the Notes. 

REFLECTION of Light, See 

Light. 

REFRACTION of Light. Sce 
Light. 

REFRACTION of the Atmoſ- 
phere. See Atmoſphere. 
REFRANGIBILITY of Light. 

See Light. 
RzyvLision, defined. P. I. 


p. 18. the Proof of it. P. 
itt. p. 161. in the Notes, 
Not a mechanical Cauſe. 


Preface. Note b. 

RESISTANCE of Fluids. P. 
II. p. 41. 

RevoLvinG Bodies deſcribe 
equal Areas in equal Times, 
demonſtrated. P. I. p. 46 

Rio HT Aſcenſion of a Star. 
what. P. IV. 

—Sphere, what. 
141, 

Ring of Saturn, its Form, 
and Inclination. P. IV. p. 
21. 


Its Appearance. P. IV. p. 


97. 
Its Anſæ. P. IV. p. 98. 
Dr. Root, his Wheel Baro- 


N 


meter deſcribed, P. II. p. 


I02, 

RoTAT10N of the Sun, and 
primary Planets about their 
Axes. P. IV. p. 14. 

—Of the Mogn ow its 
. 

5. IV. 


Rous Lines, 1 
p. 160. 


p. 143. 


' 


8. 


QATELLITEsof upiter and 
Saturn. See Fupiter and 

Saturn. | 

SATVRN, its Diameter; Diſ- 
tance from the Sun; and 
periodical Time, P. IV. 
p. 14. in the Notes, 
The Excentricity of its Or- 
bit ; and the Inclination of 
the Plane of its Orbit to 
the Ecliptic. P. IV. p. 
18. in the Notes. 
The Form and Inclination 
of its Ring, and the Incli- 
nation of the Orbits of its 
Satellites. P. IV. p. 2t. 
Its apparent Motion ac- 
counted for. P. IV. p.66. 
The Method of determin- 
ing its Diſtance. P. IV. 
p. 70. in the Notes. 
The A Jy of its Ring, 
F. $07. 
The periodical Times and 
Diſtances of its Satellites. 
P. IV. p. 19. in the Notes. 
The apparent Motions, E- 
clipſes and Ocaqultations of 
its Satellites, accounted for. 
P. IV. p. 93 

Scare of Variation in the 
Barometer, infinite. P. II. 
p. 105 and 110. 

Scatw, its Properties. P. 
p. 66. 

Se a, its Ebbing and Flowing 
accounted for. P. IV. p. 
266. 


SEASONS 


— Points. 


TV D E X. 


SE Aa30Ns of the Year, ac- 
counted for. P. IV. p. 37. 
— Accounted for another way. 
P. IV. p. 44. in the Notes. 
SECONDARIES of a Circle, 


what. P. IV. p. 126. 
—Of the Ecliptic, what. P. 
IV. p. 127. 


SECONDARY Planets. See 
Moon, and Satellites. 

SEMITYCHoNic Syſtem, de- 
ſcribed. P. IV. p. 13. in 
the Notes. 

SIGNs of the Ecliptic, what. 
P. IV. p. 128. 

SHORTS1GHTEDNESS, the 
Occaſion of it. P. III. p. 
64. 

SKY, its Nature. P. IV. p. 


5 the Cauſe uſually aſ- 
ſign'd for it. P. II. p. 140. 

SOLAR Syſtem, deſcribed, P. 
IV. p. 11—24. 

SoLIDITY, a Property of 
Body. P. I. p. 7. 

SOLSTITIAL Colure, P. IV. 
p. 46. and 133. 


33. 
SOUND, how communicated 


to the Ear. P. II. p. 47. 
Its Velocity, how comput- 
ed. P. II. p. 51. in the 
Notes. 

SPEAKING Trumpet, the 
Nature of it. P. II. p. 52. 

SPECIFIC Gravity, what. 
P. II. p. 27. 

SPHERE, the Doctrine of it. 


ret. 
Oblique Sphere. P. IV. p. 


P. IV. p. 46. and 


SPRINGS. 
STARS, fixed; why fo call'd; 


141—142. 
Parallel Sphere. P. IV, p, 
141-442. 

Right Sphere. P. IV. p. 


141—142. 


Srors of the Sun and Planets, 


the Motion of the Sun and 
Planets round their Axes 


determined by them, P. 


IV. p. 17. 
See Fountains, 


why they appear larger tv 
the naked Eye than with a 
Teleſcope. P. IV. p. 25. 
Their Diftributivn into 
Claſſes, P. IV. p. 26. 
Of numbring and regiſtring 
them. P. IV. p. 29. 
Old ones vaniſh, and new 
ones appear. P. IV. p. 31. 
Sir IJſaac Newton's Conjec- 
ture about this; the fixed 
Stars thought to be ſo many 
Suns. P. IV. p. 32. 
Their Diſtance, and the 
Method of computing it. 
8 

The Longitude and Lati- 
tude of a Star, what. P. 
IV. p. 127. 


Their Altitude, Deprefſion, 


Culmination, Azimuth and 
Amplitude, P. IV. p. 139 
— 140. 

Their Right Aſcenſion, 
what, P. IV. p. 143. 


STILE, old and new, what. 


P. IV. p. 191. 


Suu uA Apis, what. P. IV. 


p. 48. 


SUN, 


I 


X 5 


gun, its Diameter, Diſtance 
from the Earth, and Time 
of its Rotation about its 
Axis. P. IV. p. 14. in 
the Notes. 
The Inclination of its Axis 
to the Plane of the Ecliptic. 
P. IV. p. 16. in the Notes. 
Its apparent Motion ac- 
counted for, P. IV. p. 


5. 
f arther from us in Summer, 
than in Winter ; the Oc- 
caſion of this, P. IV. p. 


Sur ERIOR Conjunction, 
what, P. IV. p 58. 

SURFACES, reflecting and re- 
fracting. See Light. 


Swim MING, ſolved. P. IV. 
p. 29. 

SyxopiIcarl Month, what. 
! 


SYSTEM, the Copernican, 
Ptolemaic, Tychonic, and 
Semitychonic deſcribed. P. 
IV. p. 12—13. 

The Copernican defended, 
P. IV. p. 22. in the Notes. 


. 


Alts of the Comets, Sir 
Iſaac Newton's Opinion 
of them examined ; with a 


Conjecture of the Author's 


concerning them. P. IV. 
p. 102. 

TELEsCoPes, a modern In- 
vention, P. III. p. 169, 


Reflecting Telescope in- 


vented by Sir aac Newton. 


P. III. p. 171. 

A Deſcription of the ſeve- 
ral Sorts of them, and their 
magnifying Powers. P. III. 
p. 176—188. 

TEMPERATE Zone, what. 
P. IV. p. 136. 

TENDENC of heavy Bodies, 
not towards the Center of 
the Earth, except at the 
Equator and the Poles. P, 
IV. p. 281. 

TrunDER and Lightning, 
the Cauſe of it ; the Effects 
of it not to be aſcribed to 
Thunder Bolts; the Man- 
ner of eſtimating the Diſ- 
tance of it, P. II. p. 143 

Tipks, accounted for, P. 
IV. p. 266. 

Tims, the Equation of it, 
what ; true and apparent, 


what, P. IV. p. 178— 
181. 
The Diviſion of it. P. IV. 


p. 181— 202. 

TokRICETLI, his Invention 
of the Barometer. P. II. 
p. 8858. 

ToRRID Zone, what. B. 
. 

TRADE Winds, accounted 
for. P. II. p. 126. 

TRANSPARENCY, the Cauſe 
of it. P. III. p. 64. 

Tropic 8 what. 


IV. p. 134. 
1 Cancer, what, P.IV. 
67 8 what. P. 

IV. p. 135. 

TwiILIGHT, 


— PII 
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TwWILIICEHT, the Cauſe of it. 
P. IV. p. 121. 
The Duration of it, various, 
P. IV. p. 123. 
That the Height of the At- 
moſphere may be determin- 
ed by it, an erroneous No- 
tion. P. IV. p. 121. in 
the Notes. 

Ty cXronic Syſtem deſcribed, 
P. IV. p. 13. in the Notes. 


V. 
WY Acvun, what. P. I. p. 
10. 
The Exiſtence of it denied 


by the Carteſiaus. P. I. 
p. 10. 
Its Exiſtence proved. P. I. 
p. 11. 


VArous, their 8 
and Aſcent not ſufficiently 
accounted for , the Carte- 
un Notion of them, con- 
futed ; Nienwentyt's Notion 


of them, contuted, P. II. 


p. 130. 
The moſt generally receiv'd 


Opinion of them, confuted. 


134. 
Dr. Defaguliers $ _ 
examined, P. Il. 
Ihe Cauſes uſually —_— 'd 
for their falling in Rain, 
Snow and Hail. P. II. p. 
138. 

VARIATION. Line of it, 
what. P. IV. p. 161. 


VETIocrr of Light, how 


computed, P. III. p. 6. 


and P. IV. p. 96. in the 
Notes. 

Venvs, its Diameter; Dif. 
tance from the Sun ; perio- 
dical Time; Rotation about 
its Axis; Inclination of its 
Axis to the Plane of the 

Ecliptic; the Excentricity 
of its Orbit ; and the Incli- 
nation of its Orbit to the 
Plane of the Ecliptic. P. 
IV. p. 14 — 18. im the 
Notes. | 
Its apparent Motion ac- 
counted for; its inferior 
and ſuperior Conjunction, 
what; why ſometimes out 
Morning, - ſometimes our 
Evening Star; its greateſt 
Elongation; the Method of 
determining its Diſtance 
from the Sun. P. IV. p. 
58—59 
Its Phaſes explained, P.IV. 
p. 62. 

VERTICAL Circles, 
prime Vertical,, what. 
IV. p. 138—139. 

VEsuvIus, the Cauſe of its 
vomiting Flames. P. II. 
p. 144. in the Notes. 

VicToRIAN Period, what. 
P. IV. p. 199. in the Notes 

V1s10N, the Nature of it ex- 
plaincd. P. III. p. 56. 
Diſtinguiſhed into bright 
and obſcure, diſtinct and 
confuſed. P. III. p. 62. 

Unizon Tone, the Nature 
of it, P. II. p. 54. 

VurcAo's, their Caufe. P. 
II. p. 144. in the Notes. 

Wallis, 


what ; 


F; 


1 D © 


. 


WIA his Opinion of 
the Cauſe of the Ho- 
rizontal Moon. P. III. p. 


on See 
Barometer. 

WeEpGe, its Properties. P. 
I. p. 67. 

The Miſtakes of ſome Phi- 
loſophers about it. P. I. 
71. 

Wnlkr and Axis, its Pro- 
ties. P. I. p. 63. 
Barometer, deſcribed, P. 

II. p. 102. 

WrrTENEss, a Compoſition 
of other Colours. P. III. 
p. 143. 

WulsrERINOG Gallery, the 
Nature of it. P. II. p. 53. 
in the Notes. 

Win os, their Origin ac- 
counted for; Trade Winds 
and Monſoons accounted 
for. PII. p. 126. 

"Their Variableneſs beyond 
the Limits of the Trade 
Winds, accounted for. 


| 


P. 


II. p. 116—128. 

Dr. Halley's Hiſtory of 
them, P. II. p. 116—122, 
in the Notes. 


2 


YEan, the Seaſons of it 2 
counted for. P. IV. p. 37 

45. 

Anus magnut, or the great 

Year, what. P. IV. p. 


7 
The different Sorts of it. 
P.IV. p. 187. 
Leap Year, why ſo called. 
P. IV. p. 190. 


Z. 

ZExITH, what. P. N. 

p. 138. 

ZoDIAC, what; the twelve 
Signs thereof, P. IV. p. 
28. and 128, 

Zone, what. P. IV. p. 135. 

—Frigid, what. P. IV. 136. 

— Temperate, what. P. IV. 


p. 136. 
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Page Line Inſtead of Read 
107 — 30 — common — compound 
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